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Description 

The present invention relates to orally active prodrugs of phosphonate nucleotide analogs, their pharmaceutical^ 
acceptable acid addition salts, a process for their production, and to their use. The prodrugs of the present invention 

s exhibit antitumor activity and a broad spectrum of antiviral activity. 

Infectious viral diseases are recognized as an important medical problem. Progress against infectious viral dis- 
eases requires the development of drugs with selective antiviral activity while remaining benign to normal cell lines. 
Among the antiviral agents currently under study, which seem to possess selectivity, are phosphonate nucleotide ana- 
logs. In general, these compounds are structural analogs of the monophosphates nucleoside analogs 

10 A number of phosphonate nucleoside analogs have been described in the literature. These nucleoside analogs 
have been described as potent and selective antiviral agents with activity against a broad spectrum of ONA and RNA 
viruses. 

For example, 9-{3-hydroxy-2-phosphonylmethoxypropyl (HPMP) and (2-phosphonylmethoxy)ethyl (PME) analogs 
of purine (adenine (A), guanine (G), 2,6-cfiaminopurine (DAP), 2-monoaminopurine (MAP), hypoxanthine (Hx) and pyri- 
1$ midine (cytosine (C). uracil (U), thymine (T) were evaluated for antiviral properties. (S)-HPMPA, (S)-cyclic HPMPA, (S)- 
HPMPC, (S)-HPMPG. (S)-HPMPDAR PMEDAP, PMEG and PMEA were active against herpes simplex virus, type 1 
and 2 (HSV-1 and -2). (S)-HPMPA and (S)-cyclic HPMPA were active againt varicella zoster virus (VZV). (S)-HPMPC 
was active against human cytomegalovirus (HCMV). a common cause of opportunistic infection in AIDS patients. (S)- 
HPMPA and (S)-cyclic HPMPA are active against adenovirus and vaccinia virus. PMEA, PMEDAP, and PMEMAP are 
. 20 active against human immunodeficiency viurs (HIV), the human retrovirus responsible for AIDS. De Clercq ej_ai Anti- 
viral Research, ft 261-272 (1987). 

Bronson, fit at, report on the series of acyclic nucleotide analogs having a common PME side chain attached to a 
purine or pyrimidine base which were prepared and selected for in vivo antiviral activity against retroviruses and herpes 
viruses. The adenine analog. PMEA, showed good in vitro activity against HIV and Rauscher murine leukemia virus (R« 
25 MuLV), and was more potent in vivo, than 3'-azjdo-3'-deoxythymidine (AZT) in the treatment of R-MuLV in mice. PMEA 
also had a significant antiviral effect in, vjvo against murine cytomegalovirus (MCMV), and in vitro activity against HCMV. 
The guanine analog, PMEG, was exceptionally potent in vitro against herpes viruses: In vivo. PMEG was >50-fold more 
potent than acyclovir against HSV 1 infection in mice. Nucleotide Analogs as Antiviral Aggnts- ACS Symposium Series 
401; Martin. J. C. Ed.: Washington, DC, 1989. Chapter 5. pp/72-87. Kim. ej aj., in J. Med. Chenr. 1207-1213 
30 ( 1 990), describe a similar series of compounds. 

De Clercq. ej ai in Nature, 221: 464-467 (1986) state that (S)-HPMPA has potent and selective activity against a 
broad spectrum of DNA viruses, including HSV-1 and 2, VZV. thymidine kinase<ieficient (TK) mutants of herpes sim- 
plex HCMV, phocid herpesvirus type 1 (seal herpesvirus, SeHV), the simian herpesvirus platyrrhinae (HVP), suid her- 
pesvirus type 1 (SHV-1, or pseudorabies virus or Aujeszky's disease virus), bovid herpesvirus type 1 (infectious bovine 
35 rhinotracheitis virus. BHV-1), equid herpesviruse type 1 (equine abortion virus, EHV-1), African swine fever (ASF) virus, 
vaccinia virus; and human adenoviruses, and retroviruses such as murine sarcoma virus (MSV). It is also reported that 
in mice and rabbits in vivp, the compound is effective against both local and systemic infections with herpes simplex 
virus type 1, including herpetic keratitis caused by a TK" mutant which is resistant to the classical anti-herpes drugs, 
guropean Patent Application 205,826, to De Clercq, ej aL published Dec. 30. 1 986, discloses that HPMPA analogs 
40 are active against Moloney mouse sarcoma virus, and are expected to be effective against retroviruses in general. Reist 
and Sturm in PCT/U.S. 84/00737, published December 6. 1984 disclosed new phosphonic add analogs of nucleoside 
phosphates which are useful as antivirals for incorporation into viral DNA. 

Adenine phosphonic acid analogs and their synthesis are cfisdosed in the United Kingdom Patent application of 
Holy, ej aj.. GB 2.134.907A. published on August 22, 1984, and it's related United States Patent. No. 4,659,825. A pre- 
<5 ferred example of one of these compounds, is known as (S)-9-((3-hydroxy-2-phosphonylmethoxy)propyl)adenine 
(HPMPA). HPMPA was disclosed by E. DeCleroq, fit aj., in NatUCS. 221: 464-467, (1986). in Antiviral Rpsgarrfi ft 261 - 
.272, (1987), and earlier by A. Holy, filal.. Nucleic Adds Resparrii Symposium Series No. 14: 277-278, (1984). 

Phosphonylmethoxyalkylpurine analogs have also been evaluated for their antitumor activity in murine tumor mod- 
els. HPMPA, PMEA, and PMEG were found to be active against intraperitoneal P388 leukemia. PMEG was also found 
so to be active against B1 6 melanoma. Rose, ej aj, J. of the Nat. Cancer Inst.. Vol. 82, No. 6 (1 990). 

A problem with nucleotides and other ionic organophosphate esters is their inability to traverse biological mem- 
branes. Liebman. ej ai J, Biol, Chem., 21£: 823 (1955); Roll ej ai J. Biol. Chem.. 220 : 439 (1956). These compounds 
must therefore, be given parenteral^ in order to achieve adequate serum levels to exert an antiviral effect. 

Parenteral treatment is highly undesirable, especially with HIV infected patients. With HIV infected patients oral - . 
55 treatment is preferred since (i) HIV infected patients are very ill and need to be on chronic chemotherapy programs to 
maintain their health; (ii) the risk of using needle stick and presence of blood is high for health workers; (iii) disposal of 
infected needles is problem; and (iv) the need for long-term maintenance therapy. 

The inventors of this invention have carried out studies in order to circumvent the above-mentioned problem. The 



2 



EP0 481 214 B1 

A « present application, thus, relates to the preparation and use of a number of orai prodrugs of phosphonate nucleotide 
analogs. 

In J. Med. Qhem , 22:1457-1463 (1989). Bronson el a]., disclose the synthesis of HPMPC wherein the following 
compound is disclosed as an intermediate 
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,n NuclejqWe Analogs as Antiviral Aqepfo ACS Symposium Series 401, J.C. Martin, Ed., p. 72, American Chemical 
Society, Washington, D.C. (1989), Bronson fit §]., disclose the synthesis of phosphonylmethoxy ether derivatives 
20 wherein the following compound was disclosed as an intermediate 



25 



30 




wherein R is ethyl or isopropyl. 

European Patent Application EP-270,885 of Webb, ej aJ., published June 1 5, 1 988 discloses a process for the prep- 
aration of purin-9-ylalkylenoxymethyt phosphonic acids, wherein several intermediates are produced in the practice of 
35 the process. One such intermediate is dialkylphosphonylmethyl which has the general structural formula 



PG — 8 



40 



45 



alk n 0 

i ii , 

C — 0CH 2 — P — OR 1 
1 " I 

I 

OPG 



wherein R 1 and R 2 . independently, are selected from C^ afkyl. 

European Patent Application EP 253,412 of Holy, ej a]., published January 20, 1988. discloses the preparation of 
a series of N-phosphonylmethoxyalkyl derivatives of pyrimidine and purine bases exhibiting antiviral activity, wherein in 
the practice of the process, several intermediates are produced. One such intermediate has the general structural for- 
mula 
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5 B — CH 2 — CH 2 — 0 — CH 2 — P — 0C 2 H 5 

OC 2 H 5 

to European Patent Application EP-269.947 of R. R. Webb. II, ej a]., published on June 8, 1988. discloses a series antiviral 
agents which are phosphonomethoxyalkylene purine and pyrimidine derivatives having the following general structure 

A 1 R 2 0 

I I IJ 

B — alk 1 — C — a lie 3 — 0 — C — P — OR 3 . 



20 



alk- 2 OR 
I 

0 



wherein R 3 and R 4 are independently selected from hydrogen, C,. 1S alkyt* phenyl and phenyl-C^-alkylene. 
25 The art compounds are generally distinguished from the compounds of the instant invention by the nature of the 

groups attached to the phosphorous atom. There is no disclosure or suggestion in the above references, or combination 

thereof, which would make obvious the use of a suitably protected phosphonate derivative prodrug for oral use. 

This invention relates to prodrugs of phosphonate nucleotide analogs which exhibit antitumor activity and a broad 

spectrum of antiviral activity and some of which may be used orally. 
30 The compounds of the instant invention comprise a diester-phosphonate link to nucleoside analogs of pyrimidine 

and purine bases. More particularly, it relates to compounds of the general structural formula as shown in Formula I 



R 2 — P — CH 2 — 0 — R 3 — 8 

40 FORMULA I 

wherein 

45 B represents adenine (A), cytosine (C), guanine (Q). thymine (T), uracil (U). 2,6-diamino purine (DAP), hypoxan- 
thine (Hx), 
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wherein 

Q is independently chosen from H, CI, NHR 5 , NR 5 2 , NHC(0)R 5 . NfCfOJR 5 );,, OH or NCHNfR 5 ^; 
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R 1 and R 2 are identical or different and independently of one another are each OR 4 , NH 2 , NHR 5 or NfR 5 )^ R 1 and 
R 2 optionally being linked with each other to form a cyclic group, or R 1 or R 2 optionally being linked to R 3 to form a 
cyclic group; 

R 3 represents CrQjo alkylene which may be unsubstituted or substituted by substituents independently selected 
from the group consisting of hydroxy and halogen; or R 3 is CH(CH 2 OR 6 )CH2, whereby R 1 and R 2 each independ- 
ently may additionally represent OH, and R 6 is a hydrdyzable ester group; 

R 4 represents a physiologically hydrdyzable ester group selected from CHoCONR 5 *, CH 5 C(O)0R 5 
CH 2 OC(0)R 5 r CHfR^OCfOR 5 (R, S, or RS stereochemistry). CH^R^CHaOH, or CH 2 OR 5 ; or R 4 represents 
C 4 -C 20 alkyl. aryl-alkyl or aryl which may be unsubstituted or substituted by substituents independently selected 
from the group consisting of hydroxy and halogen provided that R 1 and R 2 are not simultaneously alkoxy; 
R represents C y C^ alkyl, aryl or aryl-alkyl which may be substituted or unsubstituted by substituents independ- 
ently selected from the group consisting of hydroxy and halogen; 
provided that those compounds of the above formula I are excluded wherein 

B is adenine, xanthine, hypoxanthine. guanine. 2-aminopurine, 2,6-diaminopurine. cytosine. thymine, or uracil. R 3 



I 

-a!ki-C-a!k3- 
I 

a!k2 



wherein alk, is bonded to B, alk t , alkg and alk 3 are independently selected from a chemical bond or C, -C 4 alkylene. 
R a is hydrogen or C r C 4 alkyl and Q 1 is hydrogen or hydroxy!, and R 1 and R 2 are unsubstituted C 4 -C 6 alkoxy phe- 
noxy or phenyl-C, -C 4 alkoxy. 

Included within the scope of the invention are the pharmaceutically acceptable acid addition salts, the metal salts 
and the sdvate of the compounds of Formula r which may exist in various tautomeric forms. 

In one aspect, the application relates to a process for the preparation of the compounds of Formula I. 

In another aspect, the application relates to the use the compounds of Formula I as a method for the treatment of 
viral infections in a mammal, which comprises administering an effective non-toxic dose of at least one compound of 
Formula I. 

Another aspect of the application relates to the use of the compounds of Formula I as a method for inhibiting growth 
of a tumor in a mammal bearing a tumor which comprises administering an effective non-toxic dose of at least one com- 
pound of Formula I. 

The compounds of Formula I are prodrugs of phosphonate nudeotides and have the same utility as the known or 
parent nucleotide analog. Thus the compounds of Formula I are useful as antiviral and antitumor agents. 

The compounds of the present invention provide marked advantages over known nudeotides or analogs thereof in 
thai these compounds are orally active. 

The most preferred compounds of the invention are listed below, and experimental details for their preparation and 
characterization follow. Those which are not shown by specific example are readily prepared by analagous procedures. 

A preferred example of the compounds of the instant invention are the compounds having the general structural for- 
mula as shown in Formula (II): 
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0 
II 

R 2 — P 
I 

P. 



FORMULA I I 



wherein 



B, R 1 and R 2 are as described in Formula I, provided that when Q is NCHN(R 5 ) 2 . then R 5 is not CHj; 
?5 X represents hydrogen, CH 2 OR 6 (R;S; or RS stereochemistry), or substituted or unsubstituted lower aikyl, in par- 
ticular methyl or hydroxymethyl; when X is CH 2 OR s , R 1 and R 2 , may additionally be independently chosen from 
OH; and 

R 6 is a hydrolyzable ester group. 

20 Another preferred example of the compounds of the instant invention are the compounds having the general struc- 
tural formula as shown in Formula (ill): 



0 

, 11 

R 7 -P 
I 

R 



30 FORMULA I I I 



wherein 



35 B, and R 1 are as previously described in Formula I; 

X represents hydrogen, CH 2 OR 6 (R;S; or R.S stereochemistry) or substituted or unsubstituted lower alkyl, in par- 
ticular methyl or hydroxymethyl; when X is CH 2 OR 6 . R 1 . may additionally be OH; and 
R 6 is a hydrolyzable ester group; 
R 7 represents OH, NHa, NHR 5 , or NR 5 2 ; and 

40 R 5 is as described in Formula I. provided that those compounds of the above formula III are excluded wherein 
B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine, thymine, or uracil, 
X is alk^ wherein alk 2 selected from a chemical bond or C,-C A alkylene, Q 1 is hydrogen or hydroxy!, and,R 1 'and 
R 7 are OH, unsubstituted C 4 -C 6 alkoxy, phenoxy or phenyl-C r C 4 alkoxy. 

45 Still another preferred example of the compounds of the instant invention are the compounds having the general 
structural formula as shown in Formula (IV): 
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FORMULA IV 



wherein 
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S R 8 and R 9 are identical or different and independently of one another are each NR 12 , or oxygen; 
R 10 and R 11 are identical or different and independently of one another are each hydrogen, or R 5 ; 
. R 12 represents hydrogen or a lower aikyl; 

m and n are identical or different and independently of one another are each 0 or 1 ; 
s B and R 5 are as described in Formula I; and 
X is as described in Formula II. 



Yet another preferred example of the compounds of the instant invention are the compounds having the general 
structural formula as shown in Formula V 



10 



8 

) 



FORMULA V 



0 =P 



L, * stereochemistry is R, S, or RS 
R 3 



20 wherein 



R 13 represents OR 4 , NHR 5 , NR S 2 , or OH, provided that R 13 is not OH when B is A or C; and 
B, R 4 and R 5 are as described in Formula I. 

25 The term "C 1 to C 20 alky!" as used herein and in the claims (unless the context indicates otherwise) means satu- 
rated or unsaturated, branched or straight chain hydrocarbon group having 1 to 20 carbon atoms such as methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, t-butyl, etc. Unless otherwise specified in the particular instance, the term "substituted 
or unsubstituted" as used herein and in the claims is intended to mean hydrocarbon group wherein an atom, element 
or group is regarded as having replaced a hydrogen atom, said substituted aikyl groups are preferably substituted with 

30 a member selected from the group consisting of hydroxy and halogen. 

The term "prodrug" as used herein and in the claims (unless the context indicates otherwise) denotes a derivative 
of an active drug which is converted after administration back to the active drug. More particularly, it refers to derivatives 
of nucleotide phosphonates antiviral drugs which are capable of undergoing hydrolysis of the ester moiety or oxidative 
cleavage of the ester or amide moiety so as to release active, free drug. The physiologically hydrolyzable groups serve 

35 as prodrugs by being hydrolyzed in the body to yield the parent drug per se. and thus, the prodrugs of the present inven- 
tion are preferably administered orally. 

Synthesis of the phosphonate nucleotide analogs 

40 The phosphonate nucleotide analogs are known compounds and therefore, the compounds as such and their 
chemical synthesis are not a part of the present invention. The synthesis of a number of phosphonate nucleotide ana- 
logs have been described in the literature. 

For example, the synthesis of the phosphonates PMEA is disclosed in Holy and Rosenbero. Collect Czech. Chem 
Commun. , 525801. (1987), and Bronson, et al, Nucleotide Analogues as Antiviral Aoents. ACS Symposium Series 
45 401, J.C. Martin, Ed., p. 72, American Chemical Society, Washington. O.C. (1989). 

Bronson, et aJ, J. Med. Chem.. 22: 1457-1463 (1989) discloses the preparation of HPMPC from (R)-2,3-0-isopro- 
pyiideneglycerol. 

European Patent Application 253.412, published January 20, 1988 to Holy, et al, discloses methods for the prepa- 
ration of PME and HPMP analogs of pyrimidine and purine bases. 

so Recently Holy et al Collect. Czech. Chem. Commun.. §4: 2190-2210 (1989). described the preparation of N-(2- 
phosphonylmethoxy-ethyl) ("PME") analogs of purine and pyrimidine bases, as analogs of the antiviral 9-(2-phospho- 
nylmethoxyethyl)adenine ("PMEA). The synthesis consists of aJkyiation of alkali metal salts of heterocyclic bases or 
their N- or O-substituted analogs with diethyl 2-p-toluenesulfonyloxyethyoxymethylphosphonate, 2-chloroethyoxymeth- 
ylphosphonate, or 2-bromoethyoxymethyl-phosphonate. The obtained N-(2-diethyoxyphosphonylmethoxyethyl) ana- 

55 logs of heterocyclic bases were treated with bromotrimethyisilane to give phosphonic adds. The phosphonic acids were 
prepared from pyrimidines (uracil, cytosine and their 5-methyl analogs), purines (adenine and its N- 6 and C(2)-substi- 
tuted analogs, hypoxanthine, guanine, 6-hydrazinopurine and 6-methylthiopurine etc.) and their analogs (3-deazaade- 
nineetc). 
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r . The synthesis of HPMPA is disclosed in Holy, Rosenberg, and Dvorakova, Collect. Czech. Chem. Commun. 
54:2190(1989). 

Synthesis of dialKyl phosphonates 

5 

Quast, et al, Synthesis 490 (1 974), has shown that dichlorophosphonates can be prepared by reacting phospho- 
nates with PCI 5 : 

0 0 

10 II 2 PC I. H 

CH 3 — P— OH - CH 3 — CI 

OH CI 

75 Moedritzer, K. CA Qg, 86340, has shown that dichlorophosphonates can be prepared by reacting dimethylphosphc- 
nates with thionyl chloride. 

0 0 
II SOCU II 

~ R-P— 0CH 3 — — R— P— CI 
20 1 1 

OCH3 CI 



25 Stowell, et al, (Tetrahedron Lett.. 3261, (1990)) has shown that dichlorophosphonates can be reacted with alcohols 
or amines to give dialkylesters or dialkylamides: 



0 0 

1 1 f^OH or it _ „ 11 



30 R-P-CI p-r^p R-P-OR 1 or R-P-NR 2 2 

OR 1 NR 2 2 



35 The substituted phosphonates of the present invention were prepared by several methods: 1 ) Reaction of the phospho- 
nate with thionyl chloride to give the dichlorophosphonate which was reacted further to give the disubstituted phospho- 
nate: 



40 



45 
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55 



0 0 0 0 

fl-P-OH — ^ R-P-O, R or OH R-P -OR 1 R-P-NR2R3 
OH CI R^Nfi OR 1 NR 2 R 3 



2) Mono substituted phosphonates were obtained by the basic hydrolysis of the disubstituted phosphonate: 
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R-H-OR* 252L- R-P-OR 1 



OR 1 0*Na* 
r JL, H R 1 52L rXnhrI 

NHR 1 6'Na* 



3) The monosubstituted phosphonates were chlorinated as before and reacted with a different alcohol or amine to 
give variably substituted phosphonates: 

0 0 0 

R_y_ORi !2SiL R-P-0R1 B » 0H R-P-OR 1 

OH CI 'OR 2 



4) Diacyloxyalkyi phosphonates were obtained by reaction of the unsubstituted phosphonate with a substituted 
chlpromethyl ether: 

0 . R 1 0 0 R 1 0 

r ^_oh- + ci vV r4UdV^ 



R -< 



0 

2 



PROTOCOL FOR DETERMINING ORAL BIOAVAILABILITY OF PRODRUGS 

Groups of rats, 3 rats per group were given a single iv dose of 30 mg/kg of PMEA or a single oral dose of 30 mg- 
equiv/kg of PMEA or PMEA prodrug. Urine was collected in 0-24 hr and 24-48 hr intervals and analyzed for concentra- 
tion of PMEA. The bioavailability of PMEA based on urinary excretion data and the bioavailability of PMEA when given 
as a prodrug was determined. The results are summarized below. 
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ORAL BIOAVAILABILITY OF SELECTED PMEA 


5 


PRODRUGS IN RATS 




COMPOUND OF EXAM- 


ABSOLUTE BIOAVAILA- 




PLE NO. 


BILITY 




1 (PMEA) 


7.8 


10 


8 


17.0 




11 


15.4 




12 


14.6 


15 


13 


34.9" 




14 


6.5 




15 


14.2 




21 


16.2 


20 


31 


14.0 




32 


11.1 



"DETECTED AS THE MONOETHYL ESTER 



IN VITRO ACTIVITY OF SELECTED PMEA PRODRUGS 
AGAINST HSV-2 (G STRAIN) 


COMPOUND OF EXAM- 
PLE NO. 


ID5oGig/mL) a 


TOXICITY Qig/mL) 


1 (PMEA) 


39 


>166 


8 


0.28 


100 


11. 


0.17 


100 


12 


<0.1 


100 


13 


3.3 


100 


14 


8.1 


100 


15 


>100 


100 


21 


110 


>166 


31 


42 


>166 


32 ' 


34 


>166 



"DOSE WHICH GIVES A 50 % REDUCTION OF PLACQUE FOR- 
MATION 



The compounds of Formula I may be formulated for oral or parenteral use in a conventional manner using known 
pharmaceutical carriers and excipients, and they may be presented in unit dosage form or in multiple dose containers. 
The compositions may be in the form of tablets, capsules, solutions, suspensions or emulsions. These compounds may . 
55 also be formulated as suppositories utilizing conventional suppository bases such as cocoa butter or other fatty mate- 
rials. The compounds may, if desired, be administered in combination with other antiviral antibiotics. 

When provided in unit dosage forms, the compositions may contain from about 0. 1 to about 100 mg/kg/dose of the 
active ingredient of Formula I. The dosage of the compounds of Formula I is dependent on such factors as the weight 
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• and age of the patient, as well as the particular nature and severity of the disease, and within the discretion of the phy- 
sician. The dosage for adult human treatment may vary depending on the frequency and route of administration. 

The following examples are intended for illustrative purpose only and are not to be construed as limiting the inven- 
tion in sphere or scope. All temperatures are understood to be in degrees in C when not specified. The nuclear mag- 
netic resonance (NMR) spectral characteristics refer to chemical shifts (6) expressed in parts per million (ppm) versus 
tetramethylsilane (TMS) as reference standard. Except where otherwise noted. 1 H spectra were recorded at 300 MHz 
and 13 C spectra were recorded at 75 MHz. The relative area reported for the various shifts in the proton NMR spectral 
data corresponds to the number of hydrogen atoms of a particular functional type in the molecule. NMR assignments 
are based on the numbering system shown below: 




The nature of the shifts as to multiplicity is reported as broad singlets (bs), singlets (s). multiplet (m), doublet (d). doublet 
of doublets (dd), triplet (t). or quartet (q). Coupling constants are given in hertz. When not specified, abbreviations 
employed are standard American Chemical Society (ACS) abbreviations as entered on the ACS Style Guide. The infra- 
red (!R) spectral descriptions include only absorption wave numbers (cm" 1 ) having functional group identification value. 
All compounds gave satisfactory elemental analyses, or high resolution mass spectrometry (HRMS). 

I. GENERAL EXPERIMENTAL METHODS FOR COMPOUNDS LISTED IN TABLE I: 

The compounds listed in in Table I were synthesized by the corresponding method given at the end of the table. 
The reaction time, temperature and yield are given in Table I. The structure of the examples corresponds to either Fig- 
ure 1 or Figure 2 given at the top of Table I. Spectral data for ail compounds are given in the Examples which follow. 
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METHOD OF SYNTHESIS FOR THE COMPOUNDS OF TABLE 1 

A: A suspension of 1.00 g (3.66 mmol) of PMEA (1) in 50 mL of thionyi chloride was refluxed for 1 h (see eq. 1). 
The homogeneous, orange-red solution was cooled and the solvents were removed in vacuo to afford crude dichlo- 
rophosphonate 2. The dichloride was taken up in alcohol or amine 3 and stirred at the temperature and the time 
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given in Table I. After cooling the reaction to room temperature the solvents were removed in vacuo. The residue 
was purified on a 30 mm flash chromatography column, eluting with 10% MeOH/Ch^C^ to afford 4. (See eq. I) 




RH 

3 




(eq. 1) 



B: An aqueous suspension of 4 was treated with 4 equivalents of NaOH for the time and temperature given in Table 
I (see eq. 2). The mixture was cooled to room temperature and acidified until pH 8. The majority of the solvent was 
evaporated and the residue was purified on a C-18 silica gel column, eluting with a gradient of 0-25% MeOH/H 2 0. 
The fractions containing the product were combined and evaporated to give 5. (See eq. 2) 




(eq- 2) 



C: This reaction was performed similarly to method A, except crude dichlorophosphonate 2 was suspended in 30 
mL of methylene chloride before adding alcohol or amine 3 (see equation 1). 

D: This reaction was performed similarly to method B, except after cooling to room temperature, the reaction was 
acidified to pH 1 .5. (See equation 2). 

E: This reaction was run similarly to method B, except after cooling to room temperature the reaction was sus- 
pended in 20 mL of water. The mixture was acidified until pH approximately 3-4. The resulting solid was collected 
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f 9 and washed with water. The filtrate was cooled to 0 °C and the resulting solid was collected and washed with cold 
water The solids were combined and dried overnight at 0.005 mm to afford 106 mg (0.23 mmol) of monooctyl- 
PMEA. 

5 F: This reaction was performed similarly to method A, except crude dichlorophosphonate 2 was suspended in 30 
mL of acetonitrile before adding alcohol or amine 3 (see equation 1). 

SPECIFIC EXPERIMENTAL METHODS FOR COMPOUNDS LISTED IN TABLE I. 

10 EXAMPLE 1 

Synthesis of 9^2-Phos ohonvlmethoxv)ethvladenine (PMEA). 

A solution of PMEA diisopropyl ester (75.5 g. 0.21 mol) in 800 mL of anhydrous acetonitrile was treated with bro- 
is motrimethylsiiane (258 g, 1.69 mol). The resulting dear, yellow solution was stirred at room temperature under argon 
for about 16 hours. The reaction mixture was concentrated in vacuo and the yellow residue was placed under high vac- 
uum for about 5 hours. 400 mL of water was added next causing immediate formation of a white precipitate. 500 mL of 
acetone was added and the pale yellow slurry was stirred at room temperature for about 14 hours. The solid was col- 
lected by filtration, washing twice with 150 mL of acetone and once with 1 50 mL of anhydrous ether. An additional por- 
20 tion of solid was collected from the filtrate to provide a total of 55.0 g (90%) of PMEA as an off-white crystalline solid. 

m.p.> 250°C; UV max (H 2 0) 208 nm (e = 19.600) 260 nm (e = 14,100); UV mix (0.1 N HCI) 210 nm (e = 19,000) 
260NM (e = 13.700); UV max (0.1 N NaOH) 216 nm (e = 9.600) 262 nm (e = 14,500); 1 H NMR (DMSO-de) * 8.14 (s, 
1 H), 8.13 (s, 1 H), 7.27 (br s. 2 H. NH2), 4.32 (t, i = 5. 2 H. H-1 •), 3.87 (t J = 5, 2H, H-2 1 ), 3.59 (d, ,1 = 9. 2H, H-4*); 
25 13 C NMR (DMSO-&) 5 151.10 (c-6), 148.70 (C-2), 146.28 (C-4), 143.80 (C-8), 118.05 (C-5). 69.94 (d, i=10. C-21, 
66.27 (d, ^160. C-4"), 43.15 (0-1*). 

EXAMPLE 2 

30 Synthesis of PMEA. di-fisooroovl ester) . 

A slurry of adenine (21.2 g, 157 mmol). 2-[(diisopropylphosphqnyl)methoxy]ethyl methanesulfonate (50.0 g, 157 
mmol, prepared according to the procedure described by J.J. Branson etal. in J. Med. Chem.. 3£: 1457, (1989)), and 
cesium carbonate (56.0 g, 1 73 mmol) in 1 60 mL of anhydrous DMF was heated to 1 20'C in a 3-necked. 500-mL, round- 
35 bottomed flask equipped with a mechanical stirrer and argon inlet adapter. The reaction mixture was stirred at 120°C 
for about 5 hours and then was allowed to cool to room temperature. Insoluble material was removed by filtration and 
the filtrate was concentrated in vacuo to give 66 g of a yellow solid. Purification by column chromatography on silica gel 
(10:1 . elute with 3% to 5% to 7% MeOH/CH^y provided 33 g of an off-white solid. Recrystallization from ethyl acetate 
provided 30.1 g (54%) of PMEA, diisopropyl ester as a white solid. 

40 

Mp 136-138°C; UV^ (MeOH) 262 nm (s = 14.360); 1 H NMR (DMSO-dg) 6 8.15 (s, 1H), 8.09 (s, 1H), 7.21 (br s. 
exch, 2H, NH2), 4.50 (apparent octet 1 = 6.5 H, 2H, 2POC£j). 4.34 (t, J = 5 H, 2H. NCHg). 3.91 (t i * 5 Hz, 2H, 
CtbOC^P), 3.79 (d, J = 8 Hz, 2H. OChbP), 1.18 (d, J = 6.5 H, 6H. POCHfChUa], and 1.13 (d, J = 6.5 Hz. 6H, 
POCHfCHaJzD; 13 C NMR (DMSO-gy 5 155.86 (C-6), 152.23 (C-2), 149.46 (C-4), 140.90 (C-8), 1 18.57 (C-5). 70.22 
45 (d, a = 10 Hz, POSH), 70.05 (d. ± = 12 Hz, (CH 2 OCH 2 P), 64.50 (d, i = 165 Hz, OQH 2 P). 42.35 (NQH 2 ), 23.61 [d, 
J = 7 H, POCH(QH 2 )d, and 23.52 [d. J = 7 Hz, POCH(£H 3 )2]; mass spectrum (methane DCI). mte (rel intensity) 
358 (MH+, 100), 344 (10), 316 (10). 



so 



Anal. Calc. for C^H^N^P: 


C, 47.06; 


H, 6.77; 


N, 19.60. 


Found: 


C, 47.06; 


H. 7.04; 


N, 19.65. 



55 
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EXAMPLE 3 

Synthesis of 9-(2-PhosDhonvlmethoxv)ethv<hvpoxanthine (PMEHxl mono-fisooropyl ester). 

A solution of 6-chloro-9-(2-phosphonytmethoxy) ethylpurine, diisopropyl ester (1g. 2.65 mmol) in 27 mL of 1 N 
NaOH was heated at reflux for 1 h, cooled to room temperature, acidified to pH 1 with 1 N HCI and concentrated in 
vacuo. The residue was purified by C-18 silica gel column chromatography, eluting with 20% MeOH/H 2 0 to afford 0.51 
g (68%) of the title cornpound. 

Mp 192-194°C. 1 H NMR (d 6 -DMSO) 12.27 (1H, br s, NH), 8.04, 8.02 (2H, 2s, H-2. H-8). 4.39 (1H, septet J=6. 
CH(CH 3 ) 2 ), 4.30 (2H, t, J=5. H-V), 3.85 (2H, t, J=5. H-27, 3.65 (2H. d, J=8.5. H-4), 1.10 (6H, d, J-6. CH3); 13 C 
NMR (D 2 0) 1 57.57 (C=0), 149.94, 149.72 (C-2, C-4), 143.02 (C-8). 1 19.94 (C-5), 72.09 (£H(CH 3 ) 2 , d. J=6). 71.70 
(C-2\ d, J=13), 67.80 (C-4\ d, J=160), 47.05 (CM*). 25.28 (CH 3 , d. J=4), IR (KBr) 3423, 2979, 1716, 1642. 1587, 
1562. MS (FAB) 317 (M+H, 100). 



Anal. Calcd for CuH^NjOsP »0.4 H 2 0: 


C. 40.95; 


H, 5.53; 


N, 17.37. 


Found: 


C, 41.19; 


H, 5.68; 


N, 17.51. 



EXAMPLE 4 

Synthesis of 6-Chloro-9-(2-PhosDhonvlmethoxv) ethvfour ine. di-fisooropvl ester). 

To a rapidly stirred solution of 9.86 g (63.8 mmol) of 6-chloropurine in 350 mL of anhydrous DMF was added 1.91 
g (63.8 mmol) of sodium hydride (80% in mineral oil). The heterogeneous mixture was heated at 95 °C for about 20 
hours, cooled to room temperature and concentrated in vacuo. The residue was purified by silica gel chromatography, 
eluting with 5% MeOH/CH 2 C! 2 to give 4.53 g of the title compound. 

1 H NMR (oVDMSO) 8.76 (1 H, s, H-8). 8.63 (1H. s, H-2), 4.82 (2H, t. J=5. H-V), 4.42 (2H, septet. J=6. CH(CH3) 2 , 
3.93(2H, t J=5. H-2X 3.75 (2H. d, J=8. H-4"), 1.1 1 (6H, d. J»6, CH3), 1 .05 (6H. d. J=6, CH 3 ). 13 C NMR (d 6 -DMSO) 
152.44 (C-6), 151.88 (C-2), 149.39 (C-4), 148.13 (C-8), 131.13 (C-5), 70.24 (fiHfCH^, d, J=6), 70.00 (C-2', d. 
J=1 1), 64.64 (C-4', d, J=1 65). 43.43 (C-1 23.65 (CH 3 , d, J=4.5). 23.47 (CH 3 . d, J=4.5). IR (KBr) 3459, 3077, 2982, 
2936. 1564. MS (methane/DCI) 377 (M+H, 100). 



Anal. Calcd for C^H^N^C!^: 


C. 44.63; 


H, 5.89; 


N, 14.87. 


Found: 


C, 44.40; 


H, 5.93; 


N. 14.53. 



EXAMPLE 5 

Synthesis Qfg^-phQsphQnylmeth^gthYlpurine, oHisopropyl ester). 

A solution of 6-Chloro-9-(2-phosphonylmethoxy) ethylpurine, diisopropyl ester (0.94 g, 2.5 mmol) in 20 mL of eth- 
anol/cyclohexene (1:1) was treated with 0.5 g of Pd(OH) 2 /C. The reaction was stirred at reflux for about 20 hours, 
diluted with hot ethanol and filtered through celite. The filtrate was concentrated in vacuo and the residue was purified 
by flash column chromatography, eluting with 10% MeOH/CH 2 CI 2 to afford 0.49 g (58%) of the title purine as a clear 
yellow oil. 

1 H NMR (de-DMSO) 9.14. 8.92. 8.55 (3H, 3s. H-2, H-6, H-8), 4.47 (2H. t. J=5, H-V), 4.42 (2H. septet, J=6, 
CH(CH 3 ) 2 ), 3.94 (2H. t. J*5. H-2'). 3.77 (2H, d, J*8, H^, 1.12 (6H, d, J*6, CH 3 ), 1.05 (6H, d, J=6, CH 3 ). IR 3459, 
2982, 2937, 1597, 1581. 1506. MS (methane/DCI) 343 (M+H, 100), 329 (12). 301 (50). 
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Anal. Calcd for CuH^N^AtP «0.25 H 2 0: 


C. 48.50; 


H, 6.83; 


N, 16.16. 


Found: 


C. 48.55; 


H, 6.71; 


N, 15.88. 



EXAMPLE 6 

to Synthesis of Mroxyacetam'des necessary for preparation of Example 2Q and Example 24. 

(a) 2- hydroxy- N-N-diethyiacetam id e 

A solution of 10.5 g (0.0702 mol) of 2-chloro-URi- diethyiacetamide in 35 mL of glacial acetic acid was refluxed for 
is about 16 hours. The solvents were removed in vacua the last traces of acetic acid being azeotropically removed with 
toluene. The residue was dissolved in 125 mL of methanol and treated with 10.85 g (0.20 mol) of sodium methoxide. 
The reaction was stirred for about 3 hours and neutralized with Dowex 50X8-200 acidic ion exchange resin. The sol- 
vents were removed in vacuo and the residue was purified on a flash chromatography column, eluting with hexane/ethyl 
acetate 1:1 to give 6.75 g (73%) of 2-hydroxy-fi-Ji-diethyt- acetamide. 

20 

(b) 2-hydroxy-N-tl-diisopropylacetamide 

To a solution of 44.5 g (0.44 mol) of M-£i-d»sopropyl amine in 125 mL of hexane cooled to -78 °C was added drop- 
wise 17.6 mL (0.22 mol) of chloroacetyl chloride. After completion of the addition, the cooling bath was.removed and 
2$ stirring was continued for about 30 minutes. The isopropylammonium chloride was removed by filtration through celite 
and the f fltrate was stripped to give 30.5 g (77%) of 2-chloro-&-M^iisopropylacetamide. Hydrolysis of this compound as 
described above afforded a 45% yield of 2-hydroxy-N-^-diisopropylacetamide. 

EXAMPLE 7 

30 

Synthesis of the difluoroalcohol necessary for the preparation of Example 31. 
(a) 2.2-Difluoro-3-hydroxy-propan-1-ol 

35 A solution of 9.07 g (0.0521 mol) of 1 ,3-diacetyl acetone in 20 mL of DAST was stirred at 22 °C for 2 days, diluted 
with ethyl acetate, washed with saturated NaHC0 3 and water, then dried over Na 2 S0 4 and concentrated to yield 9.54 
g of l,3-diacetyl-2,2-dffiuoropropane. The diacetyl-difluoropropane (7.53 g, 38.4 mmoi) was dissolved in 300 mL of 
methanol and treated with 6.45 g (1 19 mmol) of sodium methoxide. After stirring at 22 °C for about 2.5 hours, the reac- 
tion was neutralized with Dowex 50X8-200 acidic ion exchange resin, filtered and stripped to give 3.7 g (86%) of the title 

40 compound. 

EXAMPLE 8 

gynthesi? of pmea, <jj-(pjv^|pYiQXYmethY» ester) 

45 

To a rapidly stirred solution of 1.00 g (3.66 mmol) of PMEA in 15 ml of anhydrous OMF was added 2.08 g (7.32 
mmol) of N.N'-dicydohexyM-morpholine carboxamidine and 2.75 g (18.33 mmol) of chloromethyl pivalate. The heter- 
ogeneous mixture became homogeneous after about 15 minutes and was then allowed to stir at 22°C for about 36 
hours. The insolubles were filtered off and the filtrate was concentrated in vacuo. The residue was then partitioned 
so between (50 ml) water and (50 ml) toluene, separated and the water layer was then extracted with (2 x 50 mf) toluene. 
The toluene layers were combined and concentrated in vacua The residue was purified by silica gei chromatography, 
eluting with 5% MeOH/CH 2 CI 2 to give 0.59 g (32%) of the title compound. 

'H NMR(CDCI 3 ) 8.32(1 H, s, H-8), 7.91 (1H, s, H-2), 5.77(2H, s, NHa), 5.63(4H, m, CH 2 OP), 4.37(2H, t, J=5.0, H- . 
55 V), 3.92 (2H,t,J«5.0,H-2'), 3.82 (2H, d, J=7.7, H-4*), 1.18(18H, s. CH 3 ). 13 C NMR (CDCI 3 ) 177.55(0=0), 156.23(C- 
6). 153.45(C-2), 150.48(C-4), 142.05(C-8), 1 19.85(C-5), 82.04 (CH 2 OP,d,J=6.0). 71.70(0-2'. d. J=9.8). 65.86(C-4\ 
d, J=167), 43.63(0-1'), 38.95(£C(=0), 27.11(CH 3 ). IR(KBr) 3366, 3178, 2976, 1754, 1660, 1600. MS(lsobu- 
tane/DCI) 502(M+H,lOO). 



22 



EP0 481 214 B1 



AnaJ. Calcd. for C2qH Z2 N& s P x : 


C, 47.90; 


H. 6.43; 


N, 13.96. 


Found: 


C, 48.02; 


H, 6.27; 


N, 13.63. 



EXAMPLE 9 

10 Synthesis of PMEA, (mono-isopropyl, mppo-pjvajQyfoxymejhyQ ester 

To a rapidly stirred solution of 200 mg (0.6 mmol) of monoisopropyl PMEA (example 1 1) in 5 ml of anhydrous DMF 
was added 0.83 ml (6.0 mmol) of Et 3 N and 0.45 g (3.0 mmol) of chloromethylpivalate. The heterogeneous mixture 
became homogeneous after addition of Et 3 N and was then allowed to stir at 22°C for about 3 days. The mixture was 
15 concentrated in vacuo and the residue was purified by silica gel chromatography, editing with 10% MeOH/CH 2 CI 2 to 
give 190 mg (74%) of the title compound. 

1 H NMRfCDCIg) 8.30(1H, s. H-8). 7.91(1H, s, H-2), 5.94(2H, s, NH2). 5.57(2H, d.J=12.5. CHgOP). 4.73 (1H, sep- 
tet. J=6.2. CH). 4.36(2H, t, J=5.0. H-1*), 3.90(2H, t. J=5.0, H-2'), 3.75(2H, d. J=8.0, H-4\ 1.25(6H, d, J=6.2. CHa), 
20 1.17(9H, s, CH 3 ). 13 C NMR (CDCI3) 177(C=0). 155.51(C-6). 152.91(C-2), 149.8 (C-4), 141.43(C-8), 1 19.36(C-5). 
81.90(CH2OP, d. J=5.6). 72.18(CHOP. d, J=7.0), 71.19(C-2\ d. J=10.0), 65.78(C-4\ d, J=167), 43.37 (C-1% 
38.68((CH 3 )3ffl, 26.84((£H 3 ) 3 C), 23.92(2^^, d, J»7). 23.85(£H 3 CH, d, J»7). IR(KBr) 3432, 1754. 1668, 1602. 
MS(FAB) 430(M+H, 100). 

25 



Anal. Calcd. for C^HaNjOfcP, -0.50 H 2 0:. 


C. 46.56; 


H, 6.66; 


N, 15.98. 


Found: 


C. 46.50; 


H. 6.61; 


N. 15.81. 



30 

EXAMPLE 10 

Synthesis Qf PMEA, mono-(chotine ester) 

35 A suspension of 2.00 g (7.33 mmol) of PMEA in 30 mi of thionyl chloride was ref luxed for about 1 hour. The homo- 
geneous, orange-red solution was cooled and the solvents were removed in vacuo to afford crude dichlorophospho- 
nate. The dichloride was taken, up in 40 ml of acetonitrile and then treated with 2.00 g (32.34 mmol) of anhydrous 
ethylene glycol at reflux for about 1 6 hours. After cooling to 22°C, the solvents were removed in vacua The residue was 
purified by silica gel chromatography, eluting with MeOH/CH 2 Cl2/NH 4 OH 30/70/1 to give 1.42 g (65%) of mono(chloroe- 

40 thyl)ester. 

A suspension of 460 mg (1 .37 mmol) of the above compound in 30 ml of MeOH was saturated with M^N gas at 
0°C. The reaction mixture was then sealed in a metal bomb and heated at 65°C for about 2 days. 

After cooling the reaction to 22°C, the solvents were removed in vacuo and the residue was purified by C-18 chro- 
matography, eluting with 15% MeOH/l-^O to give 270 mg (35% from PMEA) of the title compound. 

45 

1 H NMR(CD 3 OD) 8.24(1H. s. H-8). 8.20(1H. s. H-2). 4.42(2H. t, J=5.0, H-V), 4.12(2H, C]±,CH 2 OP). 3.89(2H, t, 
J=r5.0. H-2 1 ). 3.64(2H.d,J=»9.0,H-4') 1 3.47 (2H. m, C^OP), 3.14(9H, s. CH 3 ). 13 C NMR (CD 3 OD) 157.55(C-6), 
154.03(C-2), 151.02(C-4), 144.02(C-8). 120.15(C-5). 72.04(C-2'), 68.24(C-4\d. J=159), 68.05 (CK^OP). 
60.10(£H 2 CH 2 OP.d.J=4.9).-55.02(CH 3 ), 54.98(CH 3 ). 54.92(CH 3 ). 44.95(0-1'). IR(KBr) 3396. 1648. 1602. 1480. 
so MS(FAB) 359(M+H.30). 



Anal. Calcd. for C 13 H 23 N 6 0 4 Pi -2.5^0: 


C. 38.60; 


K 7.00; 


N. 20.78. 


Found: 


C. 38.26; 


H. 6.60; 


N. 20.47. 
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EXAMPLE 11 

Synthesis of PMEA. di-(propionyloxymethvi ester) 

5 To a rapidly stirred solution of 1 .00 g (3.66 mmol) of PMEA in 15 ml of anhydrous OMF was added 2.08 g (7.32 
mmol) of N,N-dicydohexyl-4-morpholine carboxamidine and 2.23 g (18.3 mmol) of chloromethytpropionate. The heter- 
ogeneous mixture became homogeneous within 30 minutes and was then allowed to stir at 22°C for about 5 days. The 
insolubies were filtered off and the filtrate was concentrated in vacuo. The residue was purified twice by silica gel chro- 
motography (200:1), eluting with 5%MeOH/CH 2 CI 2 to give 0.14g (9%) of the title compound. 

10 

1 H NMR(CDCI 3 ) 8.29(1 H. s. H-8), 7.88(1H, s, H-2), 5.65(2H, s, NH^, 5.60(4H, m, CH 2 OP), 4.35(2H, t. J=5.0. H- 
1"), 3.89(2H, t, J=5.0, H-2*) 3.80(2H, d, J=7.8, H-4 1 ), 2.34(4H, q, J=7.5 CH 3 CHa), 1.10 (6H, t, J=»7.5. CH3). IR(KBr) 
3290. 3122, 1766, 1666. 1602. MS(FAB) 446(M+H, 100). 

15 



Anal. Calcd. for C 16 H24N 5 0 8 P 1 : 


C. 43.15; 


H. 5.43; 


N. 15.72. 


Found: 


C. 43.07; 


H, 5.46; 


N, 15.42. 
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EXAMPLE 12 

Synthesis of PMEA, di-QsobulYrloxymethyl ester) 

25 To a rapidly stirred solution of 1.00 g (3.66 mmol) of PMEA in 15 ml of anhydrous DMF was added 2.08 g (7.32 
mmol) of N,N'-dicyclohexyl-4-morpholine carboxamidine and 2.48 g (1 8.3 mmol) of chloromethlyisobutyrate. The heter- 
ogeneous mixture became homogeneous within 30 minutes and was then allowed to stir at 22°C for 5 days. The mixture 
was concentrated in vacuo, partitioned between (50 ml) water and (50 ml)toluene. The aqueous layer was extracted 
with (250 ml) toluene and the combined organic layer was concentrated in vacuo. TTie residue was purified by silica gel 

30 chromatography, eluting with 5% MeOH/CHaCfe to give 0.16 g (9%) of the title compound. 

1 H NMR(CDCI 3 ) 8.31(1H, s. H-8). 8.28(1H, s. H-2), 5.68(2H. s, NH2), 5.59(4H, m, CH 2 OP), 4.33(2H, t. J=5.0, H- 
T), 3.88(2H, t J=5.0, H-2 1 ), 3.78(2H, d. J=*7.7H, H-4*), 2.52(2H. apparent heptet, J=*7.0, CH), 1.11(6H. d. J=7.0, 
CH 3 ). IR(KBr) 3360, 2980, 1758. 1660, 1602. MS(lsobutane/DCI) 474(M+H, 100). 



Anal. Calcd. for C 18 H 28 N 5 0 8 P 1 -0.65 H 2 0: 


C. 44.56; 


H. 6.09; 


N. 14.44. 


Found: 


C. 45.67; 


H, 5.96; 


N, 14.79. 



EXAMPLE 13 (for comparison) 

Synthesis of pME-A, (mQpo-ethYi, moP^QtMYTYloxYmethYn ester 

45 

To a rapidly stirred solution of 400 mg (1 .33 mmol) of monoethyl PMEA in 1 5 ml of anhydrous DMF was added 2.00 
ml (14.3 rnmol) of E^N and 1.0 g (6.7 mmol) of chloromethylpivalate. The heterogeneous mixture became homogene- 
ous after addition of Et 3 N and was then allowed to stir at 22°C for 2 days. The mixture was concentrated in vacuo and 
the residue was purified by silica gel chromatography, eluting with 10% MeOH/CH 2 CI 2 to give 180 mg (33%) of the title 
50 compound. 

1 H NMR(CDCt 3 ) 8.32(1 H, s. H-8). 7.92(1 H, s, H-2). 5.74(2H, s, NH 2 ), 5.62(2H, m, OCH 2 OP). 4.38 (2H, t. J=5.0, H- 
11, 4.10(2H, m, CH 3 CH20P). 3.92(2H. t, J=5.0, H-2^. 3.79(2H, d. J=8.0, H^), 1.27 (3H. t. J=7.0, CBjChy; 1.18 
(9H, s, ((£H 3 )C). 13 C NMR (CDCI 3 ) 176.87(C=0). 155.40(C-6). 152.94(C-2), 149.8(C-4). 141.51(C-8). 1 19.7(C-5), . 
55 81.85(CH 2 OP. d, J=6.2), 71.26(C-2\ d. J=10.2), 65.46(C-4\ d. J=167). 62.73(£H 2 CH 3 , d, J=7.0), 43.49(01'). 
ZSJOiiCH^, 26.84((CH 3 ) 3 C), 16.27(CH 2 £H 3 , d ? J=5.8). IR(KBr) 3288, 3120, 2982. 1752. 1666. 1600. 
MS(FAB) 416(M+H, 100). 
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Anal. Calcd. for C 16 H 25 N 5 0 6 P 1 -O.SH^O: 


C. 45.28; 


H, 6.41; 


N. 16.51. 


Found: 


C. 45.47; 


H, 6.34; 


N, 16.55. 



EXAMPLE 14 

Synthesis of PMEA. mono-/oivalov1oxvm ethvl estert 

To a solution of sodium hydride(0.95 g, 80%, 31.7 mmol) and benzylalcohol (6.8 ml, 63.5 mmol) in anhydrous 
DMSO (50 mO was added with stirring a solution of PMEA, diphenyl ester (3.4 g, 8 mmol, example 26) in DMSO(50 ml). 
The mixture was allowed to stir at 22°C for 1 h and concentrated to a volume of approximately 25 ml. EtOAc (200 mL) 
was added and the precipitate was collected by vacuum filtration. The precipitate was purified by C-1 8 chromatography, 
eluting with 20% MeOH/H 2 0 to give 2.09 g 68%) of PMEA, monobenzylester, sodium salt 

To 600 mg (1.56 mmoles) of the above compound in 14 mi of anhydrous DMF was added 2.16 ml (15.5 mmoles) 
of Et 3 N and 1 .44 g (9.61 mmol) of chloromethylpivalate. The mixture was allowed to stir at 22°C for 2 days, concentrated 
in vacuo and the resulting residue was used crude in the following step. ' 

To a stirred solution of the crude mixed ester (300 mg) in 17 ml of EtOH and 17 ml of H 2 0 was added 3.45 ml of 
cyclohexene and 0.225g of 20% P6{OHyO. The mixture was heated at reflux for 1h, concentrated in vacuo and the 
residue purified by C-1 8 chromatography, eluting with 100% H2O to give 270 mg (31% from PMEA, diphenyl ester) of 
the title compound. 

1 H NMR(ds-DMSO) 8.09(2H, s, H-8, H-2). 7.17(2H, s, NH 2 ), 5.44(2H, m, CH 2 OP), 4.26(2H, t. J=5.0, H-V), 3.83 
(2H,t J=5.0. H-2'), 3.47(2H, d. J=8.0, H-4 1 ), 1.04(9H, s, CH3). 13 C NMR (d 6 -DMSO) 176.70(C=0). 155.98(C-6), 
152.39(C-2), 149.55(C-4), 141.30(0-8). 118.59(C-5). 83.14(0^0?), 69.89(C-2X 64.5(C-4'), 42.84 (C-1*), 38.13 
((CH 3 ) 3 £) 26.69(CH 3 ). IR(KBr) 3360. 1742, 1648, 1602. 
MS(FAB) 386(M-H, 100). HRMS: 



Calculated: 


388.1386. 


Found: 


388.1377. 



EXAMPLE 15 

Synthesis of PMEA. (mo no-isooroovl. mono-ohem/H ester 

A suspension of 0.75 g (2.1 mmd) of monophenyl PMEA in 20 ml of thionyl chloride was reffuxed for 1 h. The 
homogeneous, orange-red solution was cooled and the solvents were removed in vacuo to afford crude monochloro- 
phosphonate. The residue was taken up in 40 ml of isopropyl alcohol and stirred for 16 h at 22°C. The solvents were 
removed in vacuo and the residue was purified by silica gel chromatography, eluting with 10% MeOH/CH 2 CI 2 to give 
0.24g (29%) of the title compound. 

Mp 96-99°C. *H NMR(CDCI 3 ) 8.31 (1H, s. H-8), 7.87(1 H. s, H-2), 7.19(5H, m. Ph), 5.96(2H. s, NHg), 4.80 (1H, 
apparent heptet. J=6.2, CH), 4.36(2H, t, J=5.0, H-1 1 ), 3.93(2H, t, J=5.0. H-2 1 ), 3.86(2H, d, J=7.9. H-4*), 1.26(3H, d, 
J=6.2. CH 3 ), 1.21(3H, d, J=6.2 CH 3 ). 13 C NMR (CDCy 155.52(C-6), 152.88(C-2), 150.13(ArC, d, J=8.3). 
149.89(C-4). 141.46(C-8), 129.71(ArC). 125.14(ArC), 120.50(ArC, d. J=4.5), 119.43(C-5). 72.65(CH, d, J=7.3), 
71.18(C-2\ d, J*10.6), 65.27(C-4\ d, J=167.5), 43.45(C-1), 23.93(CH3 d, J=4.5). 23.82^, d, J=4.5). IR(KBr) 
3290, 3116, 1670, 1600. MS(lsobutane/DCI) 392(M+H, 100). 



Anal. Calcd. for C 17 H 22 N 5 0 4 P 1 : 


C52.17; 


H. 5.66; 


N, 17.89. 


Found: 


C, 52.01; 


H, 5.57; 


N, 17.64. 
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EXAMPLE 16 

Synthesis of PMEA. (mono-N.N-diethvlacetamide. mono-pivaloyloxvmethvn ester 

5 To a suspension of 0.100 g (0.239 mmoi) of PMEA, mono- N,N-diethylace1amide ester (sodium salt) (Example 24) 
in 2.5 mL of CH 3 CN was added 0.25 mL of Et 3 N, whereupon the reaction became homogeneous. To this mixture was 
added 0.17 mL (1.19 mmof) of chioromethyt pivalate. The reaction was stirred at 22°C for 24h, evaporated to dryness 
in vacuo, and purified on a 20 mm flash column. The title compound eluted with 10 % MeOH/Ch^C^ to give 25 mg 
(21%) of a colorless oil. 

10 

n H NMR (CDCb) 8.25 <1H, s. H-8), 7.94 (1H, s. H-2), 6.26 (2H, s. NH;,), 5.65 (1H, dd. J=12.3, 5.4, OCH 2 0). 5.60 
(1H, dd, J=12.3, 4.8. OCH 2 0), 4.75 (1H, dd, J=14.7, 10.8. OW 2 C(0)) t 4.56 (1H, dd, J=14.5, 14.3, OCH 2 C(0)), 
4.32 (2H, dd. J=5.7. 4.4, H-1*), 3.97 (2H. d, J=8.4, H^, 3.91 (2H, t, J=4.8. H-2*), 3.28 (2H, q, J=7.5, C^CH^. 3.09 
(1H, q, J*7.2, CtfeCHj), 1.12 (9H, s, (CH3) 3 ). 1.07 (3H, m. CtfcjCH 2 ), 1.05, (3H, t J=6.9. CfcfcCH;,). 13 C NMR 
15 (CDCI3) 177.85 (C(O)O), 166.25 (C(O)N). 156.34 (C-6), 153.48 (C-2). 150.49 (C-4), 142.22 (C-8), 119.79 (C-5), 
81.94 ((CH 3 )3Q, 81.71 (OCH 2 0). 71.55 (C-2\ d. J=10), 65.10 (C-4\ d. J*165), 63.99 (CQ^OP), 43.53 (C-11. 
41.03 (NCH 2 ), 40.78 (NCHJ, 27.00 ((CH 3 ) 3 ), 14.21 (CHtjCHg), 13.00 MS (FAB) 501 (M+H, 100). IR 

3500-3000. 2978. 1 750, 1 654, 1 600, 1 480. 1 250. 

20 



Anal. Calcd for: QaoHbNeOyP ' 0-5 


C, 47.15; 


H.6.72: 


N, 16.50. 


Found: 


C, 47.30: 


H. 6.58: 


N, 16.14. 



25 

The following examples were prepared by the methods given in Table I. 

EXAMPLE 17 

30 PMEA. cyclic orooanvldiester 

Mp 195-199'C. 1 H NMR (d 6 -DMSO) 8.13 (1H. s, H-8). 8.12 (1H, s, H-2). 4.35 (2H. t, J=*4.8. H-1"), 4.2 (4H, m. 
ChfeOP), 3.95 (2H. d. J=8.8. H-4*). 3.86 (2H, t. J=4.8. H^, 1 .98 (1 H, m, CH^Chy. 1 .55 (1 H. m. CH^CH^. 
13 C NMR (d 5 -DMSO) 156.01 (C-6). 152.48 (C-2). 149.69 (C-4), 141.11 (C-8). 1 18.68 (C-5). 70.71 (C-2*. d. J=13.8). 
35 68.30 (CH 2 OP, d. J=6.9), 64.55 (C-4', d, J*158), 42.52 (C-11, 25.85 (CH^HfeCHj,, d, J=9.0). IR (KBr) 3351. 3169, 
1660, 1601, 1256, 1063. MS (FAB) 314 (M+H, 100). 



Anal. Calcd for: C 11 H 16 N 5 0 4 P • 1.5 h^O 


C. 38.85; 


H, 5.63: 


N, 20.60. 


Found: 


C. 38.63: 


H, 5.46; 


N, 20.49. 



EXAMPLE 18 

45 

PMEA. bis-diethylamide 

Mp 93-96°C. 1 H NMR (d 6 -DMSO) 8.1 1 (1H, s. H-8). 8.07 (1H, s. H-2). 7.18 (2H, s, NH^, 4.31 (2H, t, J=4.8. H-1*), 
3.85 (2H, t, J=4:8, H-2*). 3.68 (2H, d, J=8.1. H^, 2.70 (8H. m, CHaCJda). 0.86 (12H. t. J=7.0. CH3). 13 C NMR (d 6 - 
50 DMSO) 155.98 (C-6). 152.33 (C-2), 149.63 (C-4). 141.04 (C-8), 118.75 (C-5), 70.30 (C-2*. d. J=13.0), 66.30 (C-4 1 , 
d. J»133), 42.63 (C-V), 37.53 (CHaSHJ. d, J=4.1), 13.93 (CHa, d, J=1.9). IR (KBr) 3370-2935, 2875, 1680. 1649, 
1605. 1211. MS (FAB) 384 (M+H). 100). 



55 



Anal. Calcd for: C^ 0 H 7 O 2 P • 0.5 H 2 0 


C, 48.96: 


H. 7.96; 


N, 24.99. 


Found: 


C, 48.85; 


H. 7.77; 


N, 24.92. 
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S EXAMPLE 19 

PMEA. mono-fisooropyl ester) (sodium salt) 

s Mp 77-85^ turned to glass and melted over next 40°C. 1 H NMR (d 6 -DMSO) 8.19 (1H, s, H-8), 8.13 (1H, s, H-2), 
7.22 (2H, s, NH2). 4.30 (2H, t. J=4.4, H-11, 4.10 (1H, m ( OCH). 3.76 (2H. t. J=4.4, H-2 1 ), 3.31 (2H, d, J=8.6, H-41, 
0.90 (6H, d, J=6.0, CH3). 13 C (d 6 -DMSO; 90 MHz), 155.90 <C-6), 152.35 (C-2), 149.54 (C-4), 141.39(C-8). 118.53 
(C-5), 70.23 (OCH, d, J=10), 68.70 (C-4\ d, J=192), 65.55 (C-2\ d, J*5), 42.72 (C-V). 24.43 (CH3). IR (Film) 3321, 
3163. 1647, 1601, 1578. MS (FAB) 338 (M+H, 70). 

10 



15 



AnaJ. Calcd for: C 1 iH 1 7N^0 4 P 1 Na 1 


C. 37.18; 


H, 5.38; 


N, 19.71. 


Found: 


C. 37.11; 


H, 5.49; 


N, 19.71. 



EXAMPLE 20 

PMEA. cyclic (2.2-<fimethvnDropanyl diester 

20 

Mp 224-226'C. 1 H NMR (d 6 -DMSO) 8.11 (2H t s, H-8, H-2). 7.21 (2H. s. NHg), 4.34 (2H, t. J=5.0, H-11, 3.99 (2H, 
d, J=8.7, H-4'), 3.91 (2H. t. J=5.0, H-2 1 ), 3.95-3.75 (4H. m. Ci±>C(CH 3 )2Ctb). 1.06 (3H. S. CH 3 ), 0.67 (3H, s, CH3). 
13 C NMR (d 6 -DMSO; 50 MHz) 155.89 (C-6), 152.33 (C-2) ,. 149.53 (C-4). 140.86 (C-8), 118.57 (C-5). 76.67 
(CH2C(CH 3 )2£H2. d. J=6.8). 70.44 (C-2'. d, J=13.7), 64.43 (C-4', d J=157), 42.43 (C-11. 31 .70 (C(CH 3 ) 2 . d. J*7.6). 
25 21.05 (CH 3 ), 19.46 (CH 3 ). IR (KBr) 3417. 3324, 3152, 2970. 1668. 1650. 1602. MS (FAB) 342 (M+H, 100). 



Anal. Calcd for: C 13 H2 0 N5O 4 P -0.25 H 2 0 


C. 45.18; 


H, 5.97; 


N, 20.27. 


Found: 


C. 45.58; 


H, 6.05; 


N. 20.05. 



EXAMPLE 21 

35 PMEA. mono-(3-hvdroxvDropanvl ester), (sodium salt) 

1 H NMR (d 6 -DMSO) 8.17 (1H, s. H-8), 8.11 (1H, s, H-2), 7.20 (2H, s, NHg), 5.11 (1H, t OH), 4.28 (2H. t, J=*4.7, H- 
11, 3.76 (2H, t, J=4.7, H-21. 3.64 (2H, q, J=6.6. CHaCHgOP). 3.41 (2H. d. J=8.0. H-4% 3.35 (2H, t J=6.2. HOCHa), 

I. 45 (2H. m, HOCHsCfcfc)- 13 C NMR (d 6 -DMSO; 50 MHz) 155.82 (C-6). 152.25 (C-2), 149.43 (C-4), 141.38 (C-8). 
40 1 18.43 (C-5), 69.77 (C-2\ d, J*10), 67.42 (C-4', d, J»152), 59.33 (CH2CH2OP, d, J*6), 56.138 (HOCH 2 ), 42.60 (C- 

II. 33.91 (HOCH2£H 2 ; d, J=4). IR (KBr) 3412, 2956. 1647, 1604. 1482, 1421. MS (FAB) 354 (M+H. 17). 



Anal. Calcd for: CnH^NgOgP^aT -2.5 H 2 0 


C. 33.17; 


H. 5.56; 


N, 17.59. 


Found: 


C. 33.32, 


H, 5.28; 


N, 17.63. 



EXAMPLE 22 

so 

PMEA, mqncHoctyl QSter) 

1 H NMR (d 5 -pyridine) 9.47, 9.34 (2H, 2s. H-2, H-8), 5.46 (2H. t. J=4.5), 5.3-5.1 (6H, m, H-2', H-4\ CH 2 CH 2 CH20). 
2.68 (2H, m. CH^tfeC^O), 2.33 (2H, m. CH 2 CH2CH 2 0), 2.1 (8H, m, CH 3 (CH2) 4 )). 1-79 (3H, t J=6.5, CH3). JR 
55 (KBr) 3416, 2928, 1690, 1065. MS (FAB) 386 (M+H, 100). 
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Anal. Calcd for: C 16 H 28 N 5 0 4 P • ^0 • Na • 0.6 NaCI 


C, 41.59; 


H, 6.54; 


N, 15.15. 


Found: 


C, 41.80: 


H. 6.87; 


N, 15.02. 



EXAMPLE 23 

10 pmea, mQPQ-(3-am!no-2,2^imethytorQpy* amide) 

1 H NMR (D 2 0) 8.13 (1 H, s, H-8), 8.11 (1H ( s, H-2), 4.36 (2H, t, J=5, H-1*), 3.90 (2H, t J=5, H-2 1 ), 3.53 (2H, d, J=8.5, 
H-4'), 2.71 (2H, s, NH2CH2) 2.07 (2H, d, J=9.4, CHgNH), 0.70 (6H. s, CH 3 ). 13 C NMR (D 2 0) 157.25 (C-6). 154.19 
(C-2). 150.78 (C-4), 144.73 (C-8), 120.03 (C-5). 72.24 (C-2\ d. J=12.5), 69.63 (C-4\ d, J=143). 50.05 (C^NH), 
15 48.41 (H2NCH2), 45.53 (C-1 1 ). 35.36 (C(CH 3 ) 2 , d, J-4). 24.09 (CH3). IR (KBr) 3786, 3381 , 1648, 1605, 1478. MS 
(FAB) 380 (M+H. 20). HR- 
MS (M+H) 



Anal. Calcd for C 13 H23N 7 03P 1 Na 1 : 


380.1576. 


Found: 


380.1567. 



25 EXAMPLE 24 

PMEA. mono-(hydroxy-2.2<limethy1propyt ester) 

*H NMR (d 6 -DMSO) 8.14 (1H, s. H-8). 8.09 (1H, s, H-2), 7.16 (2H, s, NHa), 5.84 (1H, t. OH), 4.27 (2H, t, J=4.9, H- 
30 1*), 3.77 (2H, t. J=4.9, H-2'), 3.33 (2H, d, J=8.7, H-4), 3.24 (2H, d, J=10. C(CH 3 ) 2 CH20P), 3.00 (2H, d, HOCtb). 
0.63 (6H. s. CH 3 ). 13 C NMR (oVDMSO. 50 MHz), 155.84 (C-6). 152.21 (C-2). 149.45 (C-4), 141.26 (C-8). 118.48 
(C-5), 69.71 (C-2', d, J=9.2). 68.27 (CfCHjJj&HaOP, d, J=6.2). 67.48 (C-4*, d, J=152). 65.93 (HOCHy, 42.57 (C- 
11. 36.71 (£(CH3) 2> d, J=2.5), 21.35 (CBj). IR (KBr) 3426, 2960, 2883. 1645, 1478, 1417. MS (FAB) 360 (M+H. 
100). 



Anal. Calcd. for C^H^NgOsP • 1.3 H 2 0: 


C, 40.77; 


H, 6.48; 


N. 18.29. 


Found: 


C, 40.96; 


H, 6.16; 


N, 17.95 



EXAMPLE 25 

PMEA, qycjic fo2<firnejhyll?rQpanyl diami<te) 

45 - 

1 H NMR (d 6 -DMSO) 8.11 (1H. s. H-8), 8.10 (1H, s, H-2), 7.18 (2H, s, NH2), 4.30 (2H. t. J-5.0. H-1*), 3.83 (2H, t, 
J=5.0. H-2"). 3.63 (2H, d, J=7.5, H^>, 4.27 (2H, s, NH, NH). 2.65-2.40 (4H, m, CtfeCfCHJgCfcy, 0.98 (3H, s, CH 3 ), 
0.64 (3H, s, CHg). 13 C NMR (d 6 -DMSO) 156.01 (C-6). 152.42 (C-2), 149.60 (C-4). 141.24 (C-8). 118.68 (C-5), 
70.35 (C-2\ d. J=1 1 .2), 68.53 (C-4'. d. J=131), 52.72 (CH2C(CH 3 ) 2 SH 2 . d. J=2.3), 42.78 (C-V). 30.54 (HCHafe. d. 
50 J=5.6). 24.82 (CH3), 23.25 (CH 3 ). IR (KBr) 3100, 2980, 2940, 1650, 1605. MS (FAB) 340 (M+H. 100). HR-MS 
(M+H) 



55 



Anal. Calcd for C^H^N^P: 


340.1651. 


Found: 


340.1647. 



28 



EP0 481 214 B1 



S EXAMPLE 26 

PMEA. N.N'-dimethvl-cvclic propanvl diamide 

5 1 H NMR (d 6 -DMSO) 8.08 (2H, s, H-8, H-2), 7.14 (2H. s, NH^, 4.28 (2H. br s, H-1 '), 3.80 (2H, br S, H^*), 3.73 (2H, 

dd, J=7.6, 2.8 H-4'), 2.85-2.60 (4H, m, CH3NCH2). 1.8-1.3 (2H, m, CK^Ct^CHg), 2.36 (3H, d. J*3. NCH 3 ), 2.33 
(3H, d, J=3, NCH 3 ). 13 C NMR (d 6 -DMSO) 156.02 (C-6). 152.44 (C-2). 149.77 (C-4), 141.09 (C-8). 1 18.74 (C-5), 
70.44 (C-2\ d. J=14), 65.42 (C-4\ d, J=164), 50.22 (NCH 3 ), 42.85 (C-1*). 34.28 (CHjNCHs), 24.79 (CH^^CHg). 
IR (KBr) 3300. 3180, 2930. 2877, 1651, 1600. MS (methane/DCI) 340 (M+H, 100). 

10 



Anal. Calcd for C^H^nfiz? • 0.9 HCI: 


C. 41.93; 


H, 6.22; 


N, 26.33. 


Found: 


C, 42.33; 


H. 6.19; 


N, 25.93. 



HR-MS (M+H) Calcd for C^H^NyOzP: 


340.1651. 


Found: 


340.1649. 



25 EXAMPLE 27 

PMEA.moncKN.N^iethylacet^mide Q?ter) 

Mp 189-191°C. 1 H NMR (d 6 -DMSO) 8.16 (1H, s, H-8), 8.14 (1H, s, H-2), 7.55 (2H. s, NHy, 4.80 (2H, d, J=9.0, 
30. C(0)CH 2 0), 4.31 (2H, t J«5.0, H-l*), 4.03 (2H, t, J=5.0. H-2 1 ), 3.74 (2H, d, J«8.5. H-4*), 3.22 (2H, q, J=7. CH^ty. 
3.16 (2H, q, J=7, CH 3 GH2). 1.01 (3H, t, J=7, CH 3 ). 1.01 (3H, t, J=7, Chij). 13 C NMR (CF 3 C0 2 D; 90 MHz) 166.10 
(C=0), 150.04, 148.67 (C-6, C-4). 144.74, 144.55 (C-2, C-8), 117.96 (C-5), 70.05 (C-2', d, J=10), 65.37 (C-4\ d, 
J=*162), 62.87 (C(0)£H2, d, J=5). 43.44 (C-1 1 ), 14.06 (CHj), 12.91 (CHj). IR (KBr) 3392, 3093, 1692, 1650, 1515. 
MS (methane/DCI) 500 (M+H, 30), 132 (100). HR-MS (M+H) 

35 



Anal. Calcd for C U H2 3 N 6 0 5 P: 


387.1546. 


Found: 


387.1543. 



EXAMPLE 28 . 



45 



50 



PMEA, mqnQ-(aqQtiG *M 

Mp 197-200°C. 1 H NMR (d 6 -DMSO) 8.19 (1H, s, H-8). 8.17 (1H. s. H-2), 7.75 (2H, s, NH;,), 4.34 (2H, d. J=4, 
C(0)CH 2 0), 4.32 (2H, t, J-5* H-1"), 3.86 (2H, t J=5. H-2*). 3.71 (2H. d, J=8, H-4 1 ). 13 C NMR (d 6 -DMSO) 177.19 
(C=0, d, J=7), 156.84 (C-6), 153.72 (C-2). 150.03 (C-4), 144.05 (C-8). 119.44 (C-5), 71.66 (C-2\ d, J=11). 67.39 
(C-4 1 , d.J 3 157), 64.90 (CfOJCfcbO. d. J=6). 44.59 (C-f). IR (KBr) 3366. 3109. 1690, 1611. 1516. 1415. MS (FAB) 
332 (M+H, 55). 



55 



Anal. Calcd for C 10 H u N5OeP -0.3 H 2 0: 


C. 35.74; 


H, 4.38; 


N, 20.85. 


Found: 


C. 35.41; 


H, 4.43; 


N, 20.60. 
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EXAMPLE 29 

PMEA. di-fbutytacetate ester) 

Mp 78-80°C. 1 H NMR (d 6 -DMSO) 8.11 (1H, s, H-8), 8.06 (1H, s, H-2), 7.18 (2H, S, NHy, 4,62 (4H, d, J.11, 
C(0)CH 2 OP). 4.31 (2H, t. J=5.0, H-1 •), 4.07 (4H, t, J=7, CHgOCfO)), 4.00 (2H, d. J=8, H-4*), 3.90 (2H, t, J=5, H-2^ 
1.54 (4H, apparent quintet, J»7, C^CH^tfe), 1.31 (4H, apparent hextet J=7,7, C^CHy, 0.86 (6H, t. J*7, CH 3 ). 
13 C NMR (d 6 -DMSO) 168.16 (C=0, d. J=4.7), 156.03 (C-6), 152.44 (C-2), 149.59 (C-4), 141.10 (C-8), 1 18.65 (C- 
5), 70.58 (C-2\ d. J=10). 64.70 (£1^00(0)), 64.19 (C-4\ d, J=165). 62.05 (CH 2 OP, d. J=6), 42.45 (C-1*). 30.10 
(CH 3 CH 2 £H 2 ), 18.53 (CH3QH2), 13.56 (CH 3 ). IR (KBr) 3339. 3158, 2994, 2962. 1764. 1662. 1600. MS (meth- 
ane/DCI) 502 (M+H, 100). 



Anal. Calcd for C 2 oH 32 Ng0 8 P: 


C. 47.90; 


H. 6.43; 


N, 13.97. 


Found: 


C. 47.94; 


H. 6.40; 


N, 13.90. 



EXAMPLE 30 

PMEA. di-tethvlacetate ester) 

Mp 82-84°C 1 H NMR (d 6 -DMSO) 8.11 (1H. s, H-8). 8.06 (1H. s. H-2). 7.16 (2H. s. NH^, 4.59 (4H, d, J*11. 
C(0)CH 2 0). 4.30 (2H. t, J=5.0. H-1*), 4.13 (4H. q. J=7.0, CH 3 CH2). 4.00 (2H. d, J=8.0, H-4*), 3.98 (2H, t J=5.0, H- 
2'). 1.18 (6H, t, J=7.0, CH 3 ). 13 C NMR (D 2 0) 171.44 (C=0, d. J*5). 156.90 (C-6). 153.85 (C-2). 150.56 (C-4). 
144.66 (C-8), 119.86 (C-5), 73.02 (C-2\ d, J»10.5). 66.12 (C-4\ d, J-166), 64.85 (CHjCHJ, 64.75 (C(0)£H 2 0), 
45.57 (C-1 1 ) 15.22 (CH 3 ). IR (KBr) 3296. 3122. 1764, 1667, 1602. MS (methane/DCl) 446 (M+H. 100). 



Ana], CaJcd for C 16 H24N50 8 P: 


C. 43.15; 


H. 5.43; 


N, 15.72. 


Found: 


C. 43.04; 


H. 5.33; 


N. 15.58. 



EXAMPLE 31 

PMEA. mono-fohenvl ester) (sodium salt) 

Mp 223-228'C. 1 H NMR (d 6 -DMSO) 8.14(1H. s. H-8), 8.13 (1H, s, H-2), 7.50 (2H. s. NH 2 ). 7.25 (2H, t. J=8, ArH), 
7.07 (1 H, t. J=8. ArH), 7.01 (2H. d. J=8. ArH), 4.33 (2H, t J-5. H-1*), 3.89 (2H, t. J=5. H-2'). 3.73 (2H, d, J=8, H-4'). 
13 C NMR (D20; Partial spectrum) 131.46, 126.06 (ArC), 122.27 (ArC, d. J=3.5), 72.27 (C-2; d, J=12), 67.68 (C-4\ 
d, J=160), 46.08 (C-V). 

IR (KBr) 3389. 3068. 1693. 1594. MS (FAB) 350 (M+H, 40). 



Anal. Calcd for C 14 H 16 N 5 0 4 P • H^O • 0.45 Na: 


C, 44.45; 


H. 4.81; 


N, 18.51. 


Found: 


C, 44.45; 


H, 4.45; 


N. 18.45. 



EXAMPLE 32 

PMEA, g-Hphen Y l ester) 

Mp 103-114°C. 1 H NMR (d 6 -DMSO) 8.15 (1H, s. H-8). 8.1 1 (1H, s. H-2). 7.40 (2H. s. NH^, 7.34 (4H. t. J=*7, ArH). 
7.20 (2H, t. J=7. ArH). 7.04 (4H, t. J=7, ArH), 4.38 (2H, t, J=5. H-T), 4.24 (2H. d. J=8. H-4'), 3.98 (2H, t. J=5. H-2). 
13 C NMR (de-DMSO) 155.51 (C-6), 151.77 (C^2), 149.57 (C-4), 141.46 (C-8), 130.02, 125.49. (ArC). 120.56 (ArC. 
d. J=4), 118.71 (C-5), 70.58 (C-2', d, J=12), 63.52 (C-V, d. J-164), 42.68 (OA*). IR (KBr) 3270. 3100. 1675. 1646, 



30 



1601, 1490. MS (FAB) 426 (M+H, 100). 
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Anal. Caicd for C 20 H 20 N 5 O4P • 0.25 H 2 0: 


C, 55.87; 


K 4.81; 


N, 16.29. 


Found: 


C, 55.80; 


H, 4.65; 


N. 15.98. 



EXAMPLE 33 

10 

PMEA. mQnQ-(N.N^iisoprQpyiacetamide ester) (sodium salt) 

Mp 219-221*C. 1 H NMR (d 6 -DMSO) 8.14 (1H, s, H-8), 8.13 (1H, s, H-2), 7.37 (2H, s. NHg), 4.45 (2H, d, J=9, 
CH 2 OP). 4.31 (2H, t. J=5, H-V). 3.88 (2H, t, J=5, H-2"), 3.74 (2H. d. J=8, H-40, 3.43 (2H, m, Cfci(CH 3 )2). 1.26 (6H, 
is d. J=6, CH 3 ), 1.08 (6H, d, J=6, CH3). 13 C NMR (d r DMSO/D 2 0) 170 (C=0), 156.90 (C-6). 153.89 (C-2), 150.35 (C-* 
4), 144.29 (C-8), 119.68 (C-5), 71.89 (C-2\ d. J=12), 67.81 (C-4\ d, J=158). 65.25 (CH 2 OP. d. J=5). 49.72 
(£H(CH 3 )2), 47.30 (£H(CH 3 )2), 45.00 (C-1*), 21.21 (CH 3 ). IR (KBr) 3425, 2969, 1691. 1643, 1515. MS (FAB) 415 
(M+H, 100). 

20 



Anal. Caicd for C 16 H 2 7N 6 05p • 0.67 HgO • 0.5 Na: 


C. 43.87; 


H. 6.52; 


N, 19.19. 


Found: 


C, 43.92; 


H, 6.17; 


N, 18.79. 



25 

EXAMPLE 34 

PM5A, dHp-nitrofrengyi ester) 

30 Mp 190-193°C. 1 H NMR (d 6 -DMSO) 8.16 (4H, d, J=8, ArH), 8.09 (1H, s, H-8), 8.08 (1H, s, H-2), 7.51 (4H, d. J=8, 
ArH), 7.17 (2H, s. NH^, 5.10 (4H. d, J=8. ArCHsO), 4.32 (2H, t, J=5. H-f), 4.07 (2H, d, J=8, H-4*), 3.90 (2H, t J=5, 
H-2*). 13 C NMR (d 6 -DMSO) 155.97 (C-6). 152.94 (C-2). 149.62 (C-4), 147.19, 143.96 (ArC). 141.13 (C-8). 128.15. 
123.56 (ArC), 1 18.65 (C-5), 70.62 (C-2\ d. J»7), 65.86 (ArCH 2 0, d. J=6), 63.75 (C-4', d. J*162), 42.49 (C-1*). IR 
(KBr) 3420, 3268. 31 10. 1674, 1642. 1604. MS (FAB) 544 (M+H. 60). 

35 



Anal. Caicd for C 22 H 22 N 7 0 8 P: 


C. 48.63; 


H. 4.09; 


N, 18.05. 


Found: 


C. 48.61; 


H. 4.01; 


N, 18.04. 



EXAMPLE 35 

PMEA, rnQnQ-(p-nitrQfren2y| ester), (sodium sqlQ 

45 

Mp 230-240°C. 1 H NMR (d 6 -DMSO) 8.19 (2H, d, J=8.6, ArH). 8.12 (1H. s. H-8). 8.11 (1H, s, H-2). 7.54 (2H. d, 
J=8.6. ArH), 4.93 (2H, d, J-7.7, ArCtbO). 4.63 (2H, t, J=5, H-1% 4.31 (2H. t J=5, H-2^. 3.72 (2H, d. J=8.6, H-4*). 
IR (KBr) 3742. 1930. 1692. 1606, 1518. MS (FAB) 409 (M+H, 27). 

so 



Anal. Caicd for C 15 H 17 N 6 0 6 P -0.75 H 2 0 «0.5 Na: 


C, 41.58; 


H, 4.30; 


N. 19.40. 


Found: 


C. 41.37; 


H, 3.92; 


N, 19.03. 



55 
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EXAMPLE 36 

PMEA. di-(2.2.2-trichloroethvl estert 

Mp 155-157°C. 1 H NMR (de-DMSO) 8.11 (1H, s, H-8), 8.08 (1H, S, H-2), 7.16 (2H, s, NHj). 4.68 (2H, d, J=7, 
Ca 3 CH 2 ), 4.67 (2H, d. J=7, CCI3CH2), 4.34 (2H, t, J=5. H-1*), 4.18 (2H, d, J=8, H-4*), 3.95 (2H, t J=5, H^. 13 C 
NMR (d 6 -DMSO) 156.09 (C-6). 152.59 (C-2), 149.71 (C-4), 141.28 (C-8) t 118.75 (C-5). 95.42 (CCI 3 . d. J=8.6), 
75.48 (CCI 3 CH 2 , d. J=5.7), 70.92 (C-2* d, J=7), 63.99 (C-4', d. J=163), 42.72 (C-1 1 ). IR (KBr) 3372, 3334, 3210. 
1658, 1604, 1576. MS (methane/DCI) 536 (100), 534 (50), 192 (95). 



Anal. Calcd for C^H^NsOhPCIs: 


C, 26.89; 


H, 2.63; 


N, 13.07. 


Found: 


C, 26.85; 


H. 2.55; 


N, 12.86. 



EXAMPLE 37 

PMEA. mono-(2.2.2-trichloroethvl ester) 

Mp 218-225°C. 1 H NMR (oVDMSO) 8.51 (2H, s, NH2), 8.30, 8.24 (2H, 2s. H-8, H-2). 4.36 (2H, t J=5, H-1*), 4.33 
(2H, d, J=6. CI 3 CCH2), 3.72 (2H, d. J=8, C-4*), 3.91 (2H, t, J=5. H-2*). 13 C NMR (de-DMSO) 153.03 (C-6). 148.91 
(C-2), 1 48.22 (C-4), 1 42.78 (C-8). 1 1 8.27 (C-5). 97.05 (CCI 3 ), 75.67 (CCI3CH2. d. J=5), 69.99 (C-Z. d. J= 1 0), 66. 1 7 
(C-4', d,J=159), 43.12 (C-1*). IR (KBr) 3424, 1930, 1690, 1614. 1514, 1414. MS (methane/DC I) 404 (M+H, 1). 136 
(40). 113(100). 



Anal. Calcd for C^H^N^PC^ • 0.3 CCbCh^OH: 


C. 28.34; 


H, 3.05; 


N, 15.59. 


Found: 


C, 28.19; 


H, 3.17; 


N, 15.59. 



EXAMPLE 38 

PMEA. di-fbenzovloxvmethv) estert 

Mp 49-52'C. 1 H NMR (d 6 -DMSO) 8.09 (1H, s. H-8), 7.99 (1H, s, H-2), 7.92 (4H t d, J=7, ArH), 7.67 (2H, t. J=7.5, 
ArH), 7.49 (2H, t. J=7.5, ArH), 7.18 (2H, s, NH2), 5.82 (4H, d, J*13. OCH 2 0), 4.22 (2H, t, J=*5, H-1*). 4.04 (2H, d, 
J=8, H-4*), 3.82 (2H, d. J=5, H-2"). 13 C NMR (d 6 -DMSQ) 164:35 (C=0). 156.02 (C-6). 152.45 (C-2), 149.55 (C-4), 
140.99(C-8). 134.22 (ArH), 129.60(ArH), 128.98 (ArH), 128.35 (ArH), 118.70 (C-5). 70.62 (C-2', d, J=1 1.5). 64.17 
(C-4\ d. J=163), 42.29 (C-V). IR (KBr) 3328, 3182, 1739. 1644, 1602. MS (FAB) 542 (M+H, 45). 



Anal. Calcd for C^H^NsOeP • 0.66 H 2 0: 


C, 52.09; 


H.4.61; 


N. 12.65. 


Found: 


C, 52.09; 


H, 4.36; 


N, 12.37. 



EXAMPLE 39 

PMEA, di-to-trjf luorpniethYt frenzy! ester) 

Mp 1 15-125 9 C. *H NMR (d 6 -DMSO) 8.18 (1H. s, H-8). 8.17 (1H, s, H-2), 7.66 (4H. d. J=8, ArH), 7.47 (4H. d. J=8, 
ArH), 7.57 (2H, s, NH2). 5.09 (4H, d. J=8, ArCH^, 4.35 (2H. t J=5, H-T), 4.04 (2H, d, J=8, H-4'), 3.91 (2H, t. J=5, . 
H-2'). 13 CNMR(d6-DMSO) 154.99(C-6), 151.13 (C-2), 149.44 (C-4), 141.7 (C-8), 141.12 (ArC). 128.63 (CF 3 -Ar£, 
q. J=31.8). 127.93, 125.31 (ArC). 124.17 (CF 3 , q, J=275). 118.53 (C-5), 70.46 (C-2*. d, J=11), 66.14 (ArCH 2 , d. 
J=5.5), 63.78 (C-4\ d, J=161). 42.61 (C-1*). IR (KBr) 3292, 3118, 1670, 1602, 1476. MS (FAB) 590 (M+H, 100). 
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Anal. Calcd for (^H^N^PFe -0.5 H 2 0: 


C. 48.17; 


H, 3.87; 


N, 11.70. 


Found: 


C. 47.81; 


H, 3.55; 


N, 11.30. 



EXAMPLE 40 

>0 PMEA, mono-(2.2-difluofo-3-hvdroxvDrQPv< ester! 

1 H NMR (dg-DMSO) 8.20 (2H, s. H-8. H-2), 7.80 (2H, s, NH2), 4.34 (2H, t, J=5.0, H-V), 4.04 (2H, dt J=13 2 7 9) 
CF 2 CH20P). 3.87 (2H. t. J=5.0. H-2% 3.70 (2H, d. J=8.0. H-4% 3.60 (2H, t J=13, HOCHg). 13 C NMR (D 2 0/NaOD) 
157.34 (C-6), 154.24 (C-2), 150.67 (C-4), 144.72 (C-8), 123.54 (CF 2 , t. J=30), 120.12 (C-5), 72.40 (C-2\ d. J=12) 
is 67.75 (C-4\ d, J=159), 64.94 (CF^OP. dt. J=30. 5), 63.28 (HOCH 2 , d, J=27), 45.49 (C-V). IR (KBr) 3310. 31 12 
1694. 1602. 1514. MS (FAB) 368 (M+H, 55). HR-MS (M+H). 



Anal. Calcd for C 11 H 16 N 5 0 5 F 2 P: 


368.0935. 


Found: 


368.0930. 



EXAMPLE 41 

25 

PMEA, mono-fp-trifluoromethvlbenzvl estert 

1 H NMR (d 6 -DMSO) 8.13 (2H. s, H-8, H-2), 7.69 (2H, d. J=8, ArH), 7.49 (2H. d. J=8. ArH), 7.34 (2H. s. NH 2 ). 4.92 
(2H, d. J=8. ArC^O), 4.32 (2H. t. J=5, C-1}, 3.87 (2H, t, J=5. H-2*), 3.75 (2H. d. J=8. H-4% IR (KBr) 3062, 1696 
30 1602,1514,1418. MS (FAB) 432 (M+H, 80). HR-MS (M+H). 



Anal. Calod for C^H^NsC^^: 


432.1048. 


Found: 


432.1039. 



EXAMPLE 42 

40 PMEA, dibutYlflmidft 

Mp 117-119'C. 1 H NMR (d 6 -0MSO) 8.12 (2H, s. H-8, H-2), 7.19 (2H, s. NH^, 4.29 (2H. t J*5, H-1 1 ), 3.82 (2H, t 
J»5. H-2'). 3.83 (2H, s. NH), 3.52 (2H. d. J*8, H-4*), 2.64 (4H, m, CfcfeNH), 1.24 (8H, m. CHaCbaCHa), 0.80 (6H, t 
J=7, CH3). 13 C NMR (d $ -DMSO) 155.98 (C-6), 152.61 (C-2). 149.71 (C-4), 141.52 (C-8), 1 18.65 (C-5), 70.46 (C- 
45 2\ d, J=11). 67.28 (C-4', d, J=131). 42.83 (C-1% 39.22 (NHCH2). 34.10 (NHCHgfiHJ, 19.59 (CH&HJ. 13.92 
(CHy. IR 3278, 3242. 2952, 2928. 2872. 1 682, 1 608. MS (FAB) 384 (M+H, 1 00). 



Anal. Calcd for C 16 H 30 N 7 O 2 P: 


C, 50.12; 


H. 7.89; 


N, 25.57. 


Found: 


C, 49.77; 


H. 7.79; 


N, 25.30. 



EXAMPLE 43 

PMEA. di-(2-methvloroovl esteri 

Mp 109-110'C. 1 H NMR(d 6 -DMSO) 8.10(1H, S, R-8) 8.05(1H. S, H-2). 7.19(2H, S, NHJ, 4.31(2H. t, J=5.0, H-T), 
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r , 3.87(2H,t,J=5.0 t H-2 , ) 1 3.85 (2H l d,J=8.5.H-4 , ) l 3.61(4H,dt,J=6.8.1.4,CH 2 OP). 1.72(2H, apparent heptet, J=6.7,CH), 
0.77(12H,d,J=6.7,CH 3 ). 13 C NMR (oVDMSO) 156.04(0-6), 152.42(0-2). 149.60(0-4), 141.05(0-8). 118.69(0-5), 
71.42(£H 2 OP, d. J=:6.7), 70.36(C-2\d.J=11.6), 63.65(C-4\d. J=1 63). 42.52(0-1'). 28.72(CH,d.J=*5.7), 18.45(CH 3 ). 
lR(KBr) 3286. 3104, 2960. 1670. 1600. MS(FAB) 386(M+H, 100). 



Anal. Calcd for C 16 H28N50 4 P 1 : 


C. 49.86; 


H. 7.32; 


N. 18.17. 


Found: 


C. 49.81; 


H, 7.26; 


N, 18.11 



EXAMPLE 44 

PMEA. di>(3-methvlbutyi ester) 

Mp 94-98°C. 1 H NMR(CDCI 3 ) 8.30(1 H, S. H-8) 7.94(1 H. S. H-2). 6.21 (2H. S. NHg). 4.37(2H, t, J=5.0, H-1*), 
4.01(4H,dt, J=6.8. 6.8. CH 2 OP). 3.91(2H, t, J=5.0, H-21, 3.75(2 H,dJ=8.0.H.4'). 1.63 (2H, apparent heptet. J-6.6. 
CH), 1.47(4H,dt, J=6.7, 6.7, CHaCH 2 OP). 0.84(12H,d,J=6.5,CH 3 ). 13 C NMR (CDCI 3 ) 155.28(0-6). 152.38(C-2). 
150.38(0-4), 141.70(0-8). 119.76(0-5), 71. 13(0-2'^= 10.0). 65.1 7(C-4',d,J= 166), 65.02 (CH e OP.d t J=6.8). 
43.46(0-1'). 39.19 (£H 2 CH 2 OP,d,J=5.7), 24.50(CH), 22.31(CH3j, 22.29(CH 3 ). IR(KBr) 3282, 3106. 2958. 1672. 
1600. 1478. MS(methane/DCI) 414(M+H,100). 



Anal. Calcd. for 0^32^04? t *0.75H 2 O: 


C. 50.63; 


H, 7.91; 


N, 16.40. 


Found: 


C, 50.67; 


H, 7.66; 


N, 16.26. 



Claims 

Claims for the following Contracting States : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . A compound having the structural formula I 

0 
II 

^ 2 P CH 2 — 0 — R 3 — B 

FORMULA I 

wherein 

B represents adenine (A), cytosine (C). guanine (G), thymine (T), uracil (U). 2,6-diamino purine (DAP), hypox- 
anthine (Hx). 
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wherein 

Q is independently chosen from H. CI, NHR 5 , NR S 2 , NHC(0)R 5 . NCCfOJR^. OH or NCHNfR 5 ^; 
R 1 and R 2 are identical or different and independently of one another are each OR 4 . NH2, NHR 5 or N(R 5 ) 2 : R 1 
and R 2 optionally being linked with each other to form a cyclic group, or R 1 or R 2 optionally being linked to R 3 
to form a cyclic group; 

R 3 represents C r C 20 alkylene which may be unsubstrtuted or substituted by slibstituents independently 
selected from the group consisting of hydroxy and halogen; or R 3 is CH(CH 2 pR 6 )CH2, whereby R 1 and R 2 
each independently may additionally represent OH, and R 6 is a hydroiyzable ester group; 
R 4 represents a physiologically hydroiyzable ester group selected from CH 2 C(0)NR 5 2> CH 2 C(0)OR 5 , 
CH 2 OC(0)R 5 , CHfR^OC^R 5 (R; S; or RS stereochemistry). CHjCfR^CHsOH. or CH 2 OR 5 ; or R 4 repre- 
sents C 4 -C 20 alkyl, aryl-alkyl or aryl which may be unsubstituted or substituted by substituents independently 
selected from the group consisting of hydroxy and halogen provided that R 1 and R 2 are not simultaneously 
alkoxy; 

R 5 represents C r C2Q alkyl. aryi or aryl-alkyl which may be substituted or unsubstituted by substituents inde- 
pendently selected from the group consisting of hydroxy and halogen; 
pharmaceutical^ acceptable acid addition salts, metal salts, and solvates thereof; 
provided that those compounds of the above formula I are excluded wherein . 

B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine. thymine, or uracil, 
R 3 is 




wherein al^ is bonded to B. alk 1( all^ and alkj are independently selected from a chemical bond or C r C 4 
alkylene, R a is hydrogen or CyC* alkyl and Q 1 is hydrogen or hydroxy!, and R 1 and R 2 are unsubstituted C 4 - 
C$ alkoxy. phenoxy or phenyl-C 1 -C4 alkoxy. 

The compound of claim 1 which has the genera) structural formula II 

C 

!i 6 
I . 

FORMULA II 



wherein 

B. R 1 and R 2 are as described in claim 1 , provided that when Q is NCHN(R S ) 2 , then R 5 is not CH 3 ; 

X represents hydrogen, CH 2 OR 6 (R;S; or RS stereochemistry), or substituted or unsubstituted lower alkyl, in 



35 



EP 0 481 214 B1 

particular methyl or hydroxym ethyl; when X is CH2OR 6 , R 1 and R 2 , may additionally be independently chosen 
from OH; and 

R 6 is a hydrolyzabie ester group. 
A compound having the general structural formula III 



0 




FORMULA I I I 



wherein 

B, and R 1 are as previously described in claim 1 ; 

X represents hydrogen, CHgOR 6 (R;S; or R S stereochemistry) or substituted or unsubstituted lower alkyl, in 
particular methyl or hydroxymetnyl; when X is ChfeOR 6 , R 1 may additionally be OH; and R 6 is a hydrolyzabie 
ester group; 

R 7 represents OH, NH 2 , NHR 5 , or NR 5 2 ; and 

R 5 is as described in claim 1 ; pharmaceutical^ acceptable acid addition salts, metal salts, and solvates 
thereof; 

provided that those compounds of the above formula III are excluded wherein 

B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine, thymine, or uracil, 
X is all^-Q 1 wherein alk 2 is selected from a chemical bond or C y C 4 alkylene, Q 1 is hydrogen or hydroxyl, and 
R 1 and R 7 are OH, unsubstituted C^Cg altoxy, phenoxy or phenyl-C r C 4 aikoxy. 

The compound of claim 1 which has the general structural formula IV 




FORMULA IV 



wherein 

R 8 and R 9 are identical or different and independently of one another are each NR 12 , or oxygen; 
R 10 and R 1 1 are identical or different and independently of one another are each hydrogen, or R 5 ; 
R 12 represents hydrogen or a lower alkyl; 

m and n are identical or different and independently of one another are each 0 or 1 ; 
B and R 5 are as described in claim 1 ; and 
X is as described in claim 2. 

The compound which has the general structural formula V 
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stereochemistry is R; S; or RS 



FORMULA V 



wherein 

R 13 represents OR 4 , NHR 5 . NR 5 2 . or OH, provided that R 13 is not OH when B is A or C; and 
B, R 4 , and R 5 are as described in daim 1 ; 

pharmaceutical^ acceptable acid addition salts, metal salts, and solvates thereof. 

6. The compound of claim 1 , wherein R 4 is C4-C20 aikyl, aryl or aryl-alkyl which may be unsubstituted or substituted 
by substituents independently selected from hydroxy and halogen. 

7. . The compound of claim 1 wherein R 1 and R 2 are OR 4 , and R 4 represents a physiologically hydrolyzable ester 
group selected from CH 2 OC(0)R s ; and CHfR^OCfOJR 5 (R;S; or R S stereochemistry); or aryl wherein aryl is sub- 
stituted by substituents independently selected from hydroxy and halogen. 

8. The compound of claim 1 which is 

PMEA, di-(propionytoxymethyl ester); 
PMEA, di-(i so butyryloxym ethyl ester); 
PMEA, bis-diethylamide; 
PMEA, di-(butylacetate ester); 
PMEA, di-(ethylacetate ester); 
PMEA, di-(benzoyloxymethyl ester); 
PMEA, dibutylamide; 
PMEA, di-(2-methylpropyl ester); or 
PMEA, di-(3-methylbutyl ester). 

9. The compound of claim 1 which is 

PMEA, di-(pivaloyloxymethyl ester). 

10. The compound of claim 3 which is 

PMEA, mono-(prvaloyloxymethyl ester); 
PMEA, mono-(octyl ester); 
PMEA, mono-(hydroxy-2,2-dimethylpropyl ester); 
PMEA, mono-(2 < 2 t 2-trichloroethyl ester); or 
PMEA, mono-(2,2<iifluoro-3-hydraxypropyl ester). 

1 1 . The compound of claim 4 which is 

PMEA, cyclic propanyl diester; 
PMEA, cyclic (2,2-dimethyi)propanyi diester; 
PMEA, cyclic (2.2-dimethyI)propanyl diamide; 
PMEA, N, N'-dimethyl-cyclic propanyl diamide. 

12. The compound which is 

PMEA, di-(isopropyl ester); 
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, PMEHx, mono-(isopropyl ester); 

6-chloro-9-(2-phosphonylmethoxy)ethy!purine, 
di-(isopropyl ester); 

9-(2-phosphonylmethoxy)ethylpurine, di-(isopropy1 ester); 
PMEA, mono-(isopropyi ester); 

PMEA, (mono-isopropyl, mono-pivaioyloxymethyl) ester; or 
PMEA, (mono-isopropyl, mono-phenyl) ester; 

pharmaceutically acceptable acid addition salts, metal salts, and solvates thereof. 

1 3. The compound which is 

PMEA, di-(phenyl ester); 
PMEA, di-(p-nitrobenzyi ester); 
PMEA di-(2,2,2-trichloroethyl ester); 
PMEA, di-(p-trifluoromethylbenzyl ester); 
PMEA, mono-(choline ester); 

PMEA, (mono-N,N-diethylacetamide, mono-pivaloyioxymethyl) ester; 

PMEA, mono-(3-hydroxypropanyl ester); 

PMEA, mono-(3-amino-2,2<iimethylpropyl amide); 

PMEA, mono-(N,N-diethylacetamide ester); 

PMEA. mono-(acetic acid ester); 

PMEA, mono-(N,N-diisopropylacetamide ester); 

PMEA, mono-(p-nitrobenzyl ester); or 

PMEA, mono-(p-trifluoromethytbenzyl ester); 

PMEA, mono-(phenyi ester); 

pharmaceutically acceptable acid addition salts, metal salts, and solvates thereof. 

14. A process for producing the compound of claim 1, 2, 12, or 13 which comprises reacting the phosphorate with an 
activating agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate with the 
appropriate alkyi halide; or hydrolysis of the diethers or diamines. 

1 5. A process for producing the compound of claim 3, 1 2, or 13 which comprises reacting the phosphonate with an acti- 
vating agent, then reacting with the appropriate amine or alcohol; or hydrolysis of the diethers or diamines. 

16. A process for producing the compound of claim 4 which comprises reacting the phosphonate with an activating 
agent, then reacting with the appropriate amine or alcohol. 

17. A process for producing the compound of claim 5 which comprises reacting the phosphonate with an activating 
agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate with the appropriate 
alkyl halide. 

18. The use of a compound as defined in anyone of claims 1 to 13 for preparing a pharmaceutical composition for the 
treatment of viral infection in a mammai. 

1 9. The use of a compound as defined in anyone of claims 1 to 1 3 for preparing a pharmaceutical composition for inhib- 
iting growth of a tumor in a mammal. 

20. A pharmaceutical composition which comprises at least one compound of claims 1 to 13 in association with a phar- 
maceutically acceptable substantially nontoxic carrier or excipient 

Claims for the following Contracting State : ES 

1 . A process for producing a compound having the structural formula I 
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0 

II • 

& — P — CH 2 — 0 — — B 
R 1 • 

FORMULA I 

wherein 

B represents adenine (A), cytosine (C), guanine (G). thymine (T), uracil (U), 2,6-damino purine (DAP), hypox- 
anthine (Hx), 




wherein 

Q is independently chosen from H, CI, NHR 5 , NR 5 2 , NHC(0)R 5 , NCCfOJR 5 )*,, OH or NCHNfR 5 ^; 
R 1 and R 2 are identical or different and independently of one another are each OR 4 , NH 2 . NHR 5 or N(R 5 ) 2 ; R 1 
and R 2 optionally being linked with each other to form a cyclic group, or R 1 or R 2 optionally being linked to R 3 
to form a cyclic group; 

R 3 represents C-fC 2 o alkylene which may be unsubstrtuted or substituted by substituents independently 
selected from the group consisting of hydroxy and halogen; or R 3 is CH(CH 2 OR 6 )CH2, whereby R 1 and R 2 
each independently may additionally represent OH. and R 6 is a hydrolyzable ester group; 
R 4 represents a physiologically hydrolyzable ester group selected from CH 2 C(0)NR 5 2 , CH 2 C(0)OR 5 . 
CHaOCfOJR 5 , CHCR^OQOJR 5 (R; S; or RS stereochemistry), CHgCfR^C^OH, or CH 2 OR 5 ; or R 4 repre- 
sents C^C^q alkyl, aryl-alkyt or aryl which may be unsubstituted or substituted by substituents independently 
selected from the group consisting of hydroxy and halogen provided that R 1 and R 2 are not simultaneously 
alkoxy; 

R 5 represents C 1 -C 20 alkyl, aryl or aryi-alkyl which may be substituted or unsubstituted by substituents inde- 
pendently selected from the group consisting of hydroxy and halogen; 
pharmaceutically acceptable acid addition salts, metal salts, and solvates thereof; 
provided that those compounds of the above formula I are excluded wherein 

B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-cfiaminopurine, cytosine, thymine, or uracil, 
R 3 is 




wherein al^ is bonded to B, alk^ all^ and alkg are independently selected from a chemical bond or C r C 4 
alkylene, R a is hydrogen or 0^04 alkyl and Q 1 is hydrogen or hydroxyl, and R 1 and R 2 are unsubstituted C 4 - 
C 6 alkoxy, phenoxy or phenyl-C r C 4 alkoxy; 
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a * which process comprises reacting the phosphonate with an activating agent, then reacting with the appropriate 
amine or alcohol; or alkylation of the phosphonate with the appropriate alkyl halide; or hydrolysis of the diethers 
or diamines. 

5 2. The process of daim 1 for producing a compound of claim 1 which has the general structuraJ formula II 



0 

II 8 



10 




FORMULA I ! 



wherein 

20 B, R 1 and R 2 are as described in claim 1 , provided that when Q is NCHNfR 5 ^. then R 5 is not CH 3 ; . 

X represents hydrogen, CH 2 OR 6 (R;S; or RS stereochemistry), or substituted or unsubstituted lower alkyl, in 
particular methyl or hydroxymethyl; when X is CH2OR 6 , R 1 and R 2 , may additionally be independently chosen 
from OH; and 

R 6 is a hydrolyzable ester group. 

25 

3. A process for producing a compound having the general structural formula III 



0 



30 
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wherein 

40 

B, and R 1 are as previously described in claim 1 ; 

X represents hydrogen, CH 2 OR 6 (R;S; or R S stereochemistry) or substituted or unsubstituted lower alkyl, in 
particular methyl or hydroxymethyl; when X is CH2OR 6 , R 1 may additionally be OH; and R 6 is a hydrolyzable 
ester group; 

45 R 7 represents OH, NH 2 , NHR 5 , or NR 5 2 ; and 

R 5 is as described in claim 1 ; 

pharmaceutical^ acceptable acid addition salts, metal salts, and solvates thereof; 
provided that those compounds of the above formula III are excluded wherein 

B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine, thymine, or uracil, 
so X is alkg-Q 1 wherein is alk^ selected from a chemical bond or CyC A alkylene, Q 1 is hydrogen or hydroxyl, and 

R 1 and R 7 are OH, unsubstituted C 4 -C 6 alkoxy, phenoxy or phenyl-C 1 -C 4 aJkoxy; 

which process comprises reacting the phosphonate with an activating agent, then reacting with the appropriate 
amine or alcohol; or hydrolysis of the diethers or diamines. 

55 4. A process for producing a compound of claim 1 having the general structural formula IV 
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FORMULA IV 



wherein 

R 8 and R 9 are identical or different and independently of one another are each NR 12 , or oxygen; 
R 10 and R 1 1 are identical or different and independently of one another are each hydrogen, or R 5 ; 
R 12 represents hydrogen or a lower alkyl; 

m and n are identical or different and independently of one another are each 0 or 1 ; 
B and R s are as described in claim 1 ; and 
X is as described in claim 2; 

which process comprises reacting the phosphonate with an activating agent then reacting with the appropriate 
amine or alcohol. 

5. A process for producing a compound having the general structural formula V - 



8 




stereochemistry is R, S. or RS 



FORMULA V 

wherein 

R 13 represents OR 4 . NHR 5 , NR 5 2 , or OH, provided that R 13 is not OH when 8 is A or C; and 
B, R 4 . and R 5 are as described in claim 1 ; pharmaceutical^ acceptable acid addition salts, metal salts, and sol- 
vates thereof; 

which process comprises reacting the phosphonate with an activating agent then reacting with the appropriate 
amine or alcohol; or alkylation of the phosphonate with the appropriate alkyl halide. 

6. The process of claim 1 for producing a compound of claim 1, wherein R 4 is C4-C20 alkyl, aryl or aryl-alkyi which 
may be unsubstituted or substituted by substituents independently selected from hydroxy and halogen. 

7. The process of claim 1 for producing a compound of claim 1 wherein R 1 and R 2 are OR 4 , and R 4 represents a phys- 
iologically hydrolyzable ester group selected from"CH 2 OC(0)R 5 ; and CH(R 5 )OC(0)R 5 (R.S, or R S stereochemis- 
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r » try); or aryl wherein aryi is substituted by substituents independently selected from hydroxy and halogen. 

8. The process of claim 1 for producing a compound of claim 1 which is 

PMEA, di-(propionyfoxymethyl ester); 
PMEA, di-(isobutyryloxymethyt ester); 
PMEA, bis-diethylamide; 
PMEA, di-(butylacetate ester); 
PMEA, di-(ethy!acetate ester); 
PMEA, di-{benzoyloxymethyl ester); 
PMEA, dtoutyl amide; 
PMEA, di-(2-methylpropyl ester); or 
PMEA, di-(3-methylbutyl ester). 

9. The process of claim 1 for producing a compound of claim 1 which is 

PMEA, di-(pivaloyloxymethyt ester). 

1 0. The process of claim 3 for producing a compound of daim 3 which is 

PMEA, mono*(pivaloyloxymethyf ester); 
PMEA, mono-(octyl ester); 
PMEA, mono-(hydroxy-2,2-dimethylpropyl ester); 
PMEA, mono-(2,2,2-trichIoroethyf ester); or 
PMEA, mono-(2,2-difluoro-3-hydroxypropyl ester). 

1 1 . The process of daim 4 for produdng a compound of claim 4 which is 

PMEA, cydic propanyl diester; 
PMEA, cydic (2,2-dimethyl)propanyl diester; 
PMEA, cydic (2,2-dimethyl)propartyl diamide; 
PMEA, N.N'-dimethyl -cyclic propanyl diamide. 

1 2. The process of daim 1 or claim 3 for produdng a compound which is 

PMEA, di-(isopropyl ester); 
PMEHx, mono-(isopropyl ester); 
6-chloro-9-(2-phosphortylmethoxy)ethylpurine. 
di-Osopropyl ester); 

9-(2-phosphonylmethoxy)ethylpurine, di-(isopropyi ester); 
PMEA, mono-(isopropyi ester); 

PMEA, (mono-isopropyt. mono-pivaloyloxymethyl) ester; or 
PMEA, (mono-isoprbpyl, mono-phenyl) ester; 

pharmaceutically acceptable add addition salts, metal salts, and solvates thereof. 

1 3. The process of daim 1 or claim 3 for produdng a compound which is 

PMEA, di-(phenyl ester); 
PMEA, di-(p-nitrobenzyl ester); 
PMEA, di-(2,2,2-trich!oroethyl ester); 
PMEA, di-(p-trifIuoromethylbenzyl ester); 
PMEA, mono-{chotine ester); 

PMEA, (mono-N.N-diethylacetamide, mono-pivaloyloxymethyl) ester; 

PMEA, mono-(3-hydroxypropanyl ester); 

PMEA, mono-(3-amino-2,2-dimethylpropy1 amide); 

PMEA, mono-{N,N-diethylacetamide ester); 

PMEA, mono-(acetic acid ester); 

PMEA, mono-(N,N-diisopropylacetamide ester); * 
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PMEA, mono-(p-nitrobenzyi ester); or 
PMEA, mono-(p-trifluoromethylbenzyl ester); 
PMEA, mono-(phenyi ester); 

pharmaceuticaliy acceptable acid addition salts, metal salts, and solvates thereof. 

14. The use of a compound as defined in anyone of claims 1 to 13 for preparing a pharmaceutical composition for the 
treatment of viral infection in a mamma). 

1 5. The use of a compound as defined in anyone of claims 1 to 13 for preparing a pharmaceutical composition for inhib- 
iting growth of a tumor in a mammal. 

16. A process for preparing a pharmaceutical composition which comprises mixing an amount of at least one com- 
pound as defined in anyone of claims 1 to 13 with a pharmaceuticaliy acceptable substantially nontoxic carrier or 
excipient 

Claims for the following Contracting State : GR 
1 . A compound having the structural formula I 

0 
II 

R 2 — P — CH 2 — 0 — R 3 — B 
R 1 

FORMULA I 



wherein 

B represents adenine (A), cytosine (C), guanine (G), thymine (T), uracil (U) ( 2,6-diamino purine (DAP), hypox- 
anthine (Hx) t 



0 0 




wherein 

Q is independently chosen from H. CI, NHR 5 , HR 5 2 , NHC(0)R 5 , NfCfOJR^. OH or NCHN(R 5 ) 2 I 
R 1 and R 2 are identical or different and independently of one another are each OR 4 , NH 2 , NHR 5 or N(R 5 ) 2 ; R 1 
and R 2 optionally being linked with each other to form a cyclic group, or R 1 . or R 2 optionally being linked to R 3 
to form a cyclic group; 

R 3 represents C 1 -C 2 o aikyfene which may. be unsubstituted or substituted by substituents independently 
selected from the group consisting of hydroxy and halogen; or R 3 is CH(CH 2 OR 6 )CH 2 , whereby R 1 and R 2 
each independently may additionally represent OH, and R 6 is a hydrolyzable ester group; 
R 4 represents a physiologically hydrolyzable ester group selected from CH 2 C(0)NR 5 2 , CH 2 C(0)OR 5 , 
CH 2 OC(0)R 5 , CH(R*)OC(0)R 5 (R; S; or RS stereochemistry), CH 2 C(R 5 ) 2 CH 2 OH, or CH 2 OR 5 ; or R 4 repre- 
sents C^C^o alky!, aryl-alkyl or aryl which may be unsubstituted or substituted by substituents independently 
selected from the group consisting of hydroxy, and halogen provided that R 1 and R 2 are not simultaneously 
alkoxy; 

R 5 represents C r C2o alkyl, aryl or aryl-alkyl which may be substituted or unsubstituted by substituents inde- 
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pendently selected from the group consisting of hydroxy and halogen; pharmaceutical^ acceptable acid addi- 
tion salts, metal salts, and solvates thereof; 

provided that those compounds of the above formula I are excluded wherein 

B is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine, thymine, or uracil 
R 3 is 

R a 

— alkj— i— alk 3 




wherein alkj is bonded to B, alk 1f alk2 and alkj are independently selected from a chemical bond or O^-C^ 
alkylene, R a is hydrogen or C r C 4 alkyl and Q 1 is hydrogen or hydroxyl, and R 1 and R 2 are unsubstituted C 4 « 
C 6 alkoxy, phenoxy or phenyl-d -C 4 alkoxy. 

2. The compound of claim t which has the general structural formula II 

0 . 

II 8 

x 

FORMULA II 

wherein 

B, R 1 and R 2 are as described in claim 1 , provided that when Q is NCHNfR^, then R 5 is not CH 3 ; 
X represents hydrogen, CH 2 OR 6 (R;S; or RS stereochemistry), or substituted or unsubstituted lower alkyl, in 
particular methyl or hydroxym ethyl; when X is CH 2 OR 6 , R 1 and R 2 , may additionally be independently chosen 
from OH; and 

R 6 is a hydrolyzable ester group. 

3. A compound having the general structural formula III 



0 




FORMULA I I 



wherein 

B, and R 1 are as previously described in claim 1 ; 

X represents hydrogen, CH 2 OR 6 (R;S; or R S stereochemistry) or substituted or unsubstituted lower alkyl, in 
particular methyl or hydroxy methyl; when X is CH2OR 6 , R 1 may additionally be OH; and R 6 is a hydrolyzable 
ester group; 

R 7 represents OH, NH 2 . NHR 5 , or NR 5 2 ; and 
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t * R 5 is as described in claim 1 ; . 

pharmaceutical^ acceptable acid addition salts, metal salts, and solvates thereof; 
provided that those compounds of the above formula III are excluded wherein 

8 is adenine, xanthine, hypoxanthine, guanine, 2-aminopurine, 2,6-diaminopurine, cytosine, thymine, or uracil, 
5 X is all^-Q 1 wherein alk2 is selected from a chemical bond or C r C 4 alkyiene, Q 1 is hydrogen or hydroxyl, and 

R 1 and R 7 are OH, unsubstituted C 4 -C 6 aikoxy, phenoxy a phenyl-C r C 4 alkoxy. 

4. The compound of claim 1 which has the general structural formula IV 



10 



15 




FORMULA IV 



wherein 

25 

R 8 and R 9 are identical or different and independently of one another are each NR 12 , or oxygen; 
R 10 and R 11 are identical or different and independently of one another are each hydrogen, or R 5 ; 
R 12 represents hydrogen or a lower alkyl; 

m and n are identical or different and independently of one another are each 0 or 1 ; 
30 B and R s are as described in claim 1 ; and 

X is as described in claim 2. 

5. The compound which has the general structural formula V 

stereochemistry is R; S; or RS 



FORMULA V 



wherein 

45 

R 13 represents OR 4 , NHR 5 , NR 5 2 , or OH, provided that R 13 is not OH when B is A or C; and 
B, R 4 f and R 5 are as described in claim 1 ; 

pharmaceutical^ acceptable acid addition salts, metal salts, and solvates thereof. 

so 6. The compound of ciaim 1 . wherein R 4 is C 4 -C 2 o alkyl, aryl or aryl-alkyl which may be unsubstituted or substituted 
by substituents independently selected from hydroxy and halogen. 

7. The compound of claim 1 wherein R 1 and R 2 are OR 4 , and R 4 represents a physiologically hydrolyzable ester 
group selected from CH 2 OC(0)R 5 ; and CHfR^OCfOJR 5 (R;S; or R S stereochemistry); or aryl wherein aryl is sub- 

55 stituted by substituents independently selected from hydroxy and halogen. 

8. The compound of claim 1 which is 
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^ PMEA, di-(propionyloxymethyl ester); 
PMEA, di-(isobutyry!oxymethyl ester); 
PMEA, bis-diethylamide; 
PMEA, di-(butylacetate ester) ; 
PMEA, di-(ethylacetate ester); . 
PMEA, di-(benzoylaxymethyl ester); 
PMEA, dibutyiamide; 
PMEA, di-(2-methylpropyl ester); or 
PMEA, di-(3-methylbutyl ester). 

9. The compound of claim 1 which is 

PMEA, di-(pivaloyloxymethyi ester). 

10. The compound of claim 3 which is 

PMEA, mono-(pivaloyloxymethyi ester); 
PMEA, mono-(octyl ester); 
PMEA, mono-(hydroxy-2,2-dimethylpropyl ester); 
PMEA, mono-(2,2,2-trichloroethy1 ester); or 
PMEA, mono-(2,2-difluoro-3-hydroxypropyl ester). 

1 1 . The compound of claim 4 which is 

PMEA, cyclic propanyl diester; 
PMEA. cyclic (2,2-dimethyi)propanyl diester; 
PMEA, cyclic (2,2-dimethyt)propanyl diamide; 
PMEA, N.N'-dimethyf-cyclic propanyl diamide. 

12. The compound which is 

PMEA, di-(isopropyl ester); 
PMEHx, mono-(isopropyl ester); 
6-chloro-9-(2-phosphonylmethoxy)ethylpurine, 
di-(isopropyl ester); 

9-(2i3hosphonylmethoxy)ethylpurine ( cfi-{isopropyl ester); 
PMEA, mono-(isopropyl ester); 

PMEA, (mono-isopropyt, mono-pivaloyloxymethyl) ester; or 
PMEA, (mono-isopropyf. mono-phenyl) ester; 

pharmaceuticaily acceptable acid addition salts, metal salts, and solvates thereof. 

13. The compound which is 

PMEA, di-(phenyl ester); 
PMEA, di-(p-nitrobenzyl ester); 
PMEA, di-(2,2.2-trichloroethyl ester); 
PMEA, di-(p-trjfluoromethyIbenzyl ester); 
PMEA, mono-(choline ester); 

PMEA, (mono-N.N-diethylacetamide. mono-pivaloyloxymethyl) ester; 

PMEA, mono-(3-hydroxypropanyl ester); 

PMEA, mono-(3-amino-2.2«dimethylpropyl amide); 

PMEA, mono-(N,N-diethylacetamide ester); 

PMEA, mono-(acetic acid ester); 

PMEA, mono-(N,N-diisopropylacetamide ester); 

PMEA, morio-(p-nitrobenzyl ester); or 

PMEA, mono-{p-trifluaomethylbenzyl ester); 

PMEA, mono-(phenyl ester); 

pharmaceuticaily acceptable acid addition salts, metal salts, and solvates thereof. 
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# 14. A process for producing the compound of claim 1, 2, 12. or 13 which comprises reacting the phosphorate with an 
activating agent, then reacting with the appropriate amine or alcohol; or aJkylation of the phosphonate with the 
appropriate alkyl haiide; or hydrolysis of the diethers or diamines. 

5 1 5. A process for producing the compound of claim 3, 12, or 13 which comprises reacting the phosphonate with an acti- 
vating agent, then reacting with the appropriate amine or alcohol; or hydrolysis of the diethers or diamines. 

16. A process for producing the compound of claim 4 which comprises reacting the phosphonate with an activating 
agent, then reacting with the appropriate amine or alcohol. 

w 

17. A process for producing the compound of claim 5 which comprises reacting the phosphonate with an activating 
agent, then reacting with the appropriate amine or alcohol; or alkylation of the phosphonate with the appropriate 
alkyi haiide. 

is 18. The use of a compound as defined in anyone of claims 1 to 13 for preparing a pharmaceutical composition for the 
treatment of viral infection in a mammal. 

1 9. The use of a compound as defined in anyone of claims 1 to 1 3 f or preparing a pharmaceutical composition for inhib- 
iting growth of a tumor in a mammal. 

20 

20. A process for preparing a pharmaceutical composition which comprises mixing an amount of at least one com- 
pound as defined in anyone of claims 1 to 13 with a pharmaceutically acceptable substantially nontoxic carrier or 
extipient 

25 PatentansprQche 

PatentansprOche fur folgende Vertragsstaaten : AT, BE, CH, DE, DK, FR, GB, IT, LI, LU, NL, SE 

1 . Verbindung mit der Strukturformel I 

30 

0 

a II 

R P — CH,— 0 — R — B Formal I 

R 1 



worin 

40 

B fur Adenin (A), Cytosin (C). Guanin (Q), TTiymin (T), Uracil (U), 2,6-Diaminopurin (DAP), Hypoxanthin (Hx) 
stent, 



45 



50 




oder 




worin 

Q unabhangig ausgewahlt ist aus H, CI. NHR 5 , NR 5 2 , NHC(0)R 5 . N(C(0)R 5 ) 2 . OH oder NCHNfR 5 ^; . . 
55 R 1 und R 2 gleich Oder verschieden sind und unabhangig voneinander jeweils fur OR 4 , NH 2 , NHR 5 oder N(R 5 ) 2 

stehen; R 1 und R 2 gegebenenfalls miteinander unter Bildung einer cyclischen Gruppe verbunden sind oder R 1 
Oder R 2 gegebenenfalls mit R 3 unter Bildung einer cyclischen Gruppe verbunden sind; 
R 3 fur C r C 2 o*Alkylen stent, das unsubstituiert Oder mit unabhangig aus Hydroxy und Halogen ausgewahlten 
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Substituenten substituiert ist; oder R 3 fur CH(CH 2 OR 6 )CH2 steht, wobei R 1 und R 2 jeweils unabhangig zusatz- 
lich fQr OH stehen kfinnen und R 6 eine hydrolysierbare Estergruppe ist; 

R 4 fur eine physiologisch hydrolysierbare Estergruppe steht, die ausgewahtt ist unter CH2C(0)NR 2 , 
CH2C(0)OR 5 . CH 2 OC(0)R 5 . CH^OCPJR 5 (R; S; oder RS Stereochemie), CH 2 C(R 5 ) 2 CH 2 OH oder 
CH 2 OR 5 ; oder R 4 fur unsubstrtuiertes Oder durch unabhangig aus Hydroxy und Halogen ausgewahlte Substi- 
tuenten substituiertes C 4 -C2o-Alkyl. Aryl-AJkyl oder Aryl steht mit der MaBgabe, daB R 1 und R 2 nicht gleich- 
zertig AJkoxy sind; 

R 5 fQr unsubstituierte oder durch unabhangig aus Hydroxy und Halogen ausgewahften Substituenten substi- 
tuiertes C^o-AIkyl, Aryl oder Aryl-Alkyl steht; 

pharmazeutisch akzeptable Saureadditionssalze, Metailsalze und Solvate davon; 

mit der MaBgabe, daB diejenigen Verbindungen obiger Formel I ausgeschlossen sind, worin 

B fur Adenin, Xanthin, Hypoxanthin, Guanin, 2-Aminopurin, 2,6-Diaminopurin, Cytosin, Thymin oder Uracil 

steht R 3 fur 

R a 

i 

-alkrC — alk. 




steht worin al^ an B gebunden ist alk 1( al^ und alk 3 unabhangig voneinander ausgewahlt sind unter einer 
chemischen Bindung oder C r C 4 -Alkylen, R a fur Wasserstoff oder C^^Aikyl und Q 1 fQr Wasserstoff oder 
Hydroxy! steht und R 1 und R 2 fur unsubstrtuiertes C 4 -C 6 -Alkoxy, Phenoxy oder Phenyt-C r C 4 -Alkoxy stehen. 

Verbindung nach Anspruch 1 mit der allgemeinen Strukturfbrmel II 



9 B 




Formel IX 



X 



worin 

B, R 1 und R 2 wie in Anspruch 1 definiert sind, mit der MaBgabe. daB R 5 nicht CH 3 ist. falls Q fur NCHN(R 5 ) 2 
steht; 

X fQr Wasserstoff, CH 2 OR 6 (R; S; Oder RS Stereochemie), oder substituiertes Oder unsubstituiertes NiedrigaJ- 
kyl, insbesondere Methyl Oder Hydroxymethyf steht; falls X fur CH 2 OR 6 steht R 1 und R 2 unabhangig zusatz- 
lich OH sein kflnnen; und 
R 6 fur eine hydrolysierbare Estergruppe steht 



Verbindung mit der allgemeinen StrukturformeJ III 



EP0 481 214 B1 



O 

, ii 

R P 




B 



Formel III 



X 



worin 



B und R 1 wie zuvor in Anspruch 1 definiert sind; 

X for Wasserstoff, CH 2 OR 6 (R; S; oder RS Stereochemie). oder substituiertes oder unsubstituiertes Niedrigal- 
kyl, insbesondere Methyl oder Hydroxymethyl steht; falls X fOr CH2OR 6 stent, R 1 zusatzlich OH sein kann; und 
R 6 eine hydrolysierbare Estergruppe ist; 
R 7 fOr OH, NH 2 . NHR 5 oder NR 5 2 steht und 

R 5 wie in Anspruch 1 definiert ist; pharmazeutische akzeptable Saureadditionssafce. Metailsalze und Solvate 
davon; 

mit der MaBgabe, daS diejenigen Verbindungen obiger Formel III ausgeschlossen and. worin 

B fOr Adenin, Xanthin, Hypoxanthin, Guanin. 2-Aminopurin, 2,6-Diaminopurin, Cytosin, Thymin oder Uracil 

stent, 

X fur alk2-Q 1 steht. worin alk 2 ausgewahlt ist unter einer chemischen Bindung oder CT-C^AJkylen. Q 1 fur Was- 
serstoff oder Hydroxyl steht und R 1 und R 7 fOr OH, unsubstituiertes C 4 -C6-Alkoxy, Phenoxy oder Phenyl-C r 
C^AJkoxy stehen. 

4. Verbindung nach Anspruch 1 mit der allgemeinen Strukturformel IV 



R 8 und R 9 gleich Oder verschieden sind und unabhangig vpneinander jeweils fOr NR 12 oder Sauerstoff stehen; 
R 10 und R 11 gleich oder verschieden sind und unabhangig voneinander jeweils for Wasserstoff oder R 5 ste- 
hen; 

R 12 for Wasserstoff oder Niedrigalkyl stent; 

m und n gleich oder verschieden sind und unabhangig voneinander jeweils fOr 0 oder 1 stehen; 
B und R 5 wie in Anspruch 1 definiert sind; und 
X wie in Anspruch 2 definiert ist 

5. Verbindung mit der allgemeinen Strukturformel V 




Formel IV 



worin 



B 




Stereochimie ist R; S; oder RS 



Formel V 
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9 worin 

R 13 fur OR 4 , NHR 5 , NR 5 2 Oder OH steht mit der MaBgabe, daB R 13 nicht OH ist, falls 8 fur A Oder C steht; und 
B, R 4 , und R 5 wie in Anspruch 1 definiert sind; 

pharmazeutisch akzeptable Saureadditionssalze, Metailsalze und Solvate davon. 

6. Verbindung nach Anspruch 1 , worin R 4 for unsubstrtuiertes oder durch unabhangig aus Hydroxy und Halogen aus- 
gewahlte Substituenten substituiertes C^o-Alkyl, Aryl oder Aryl-Alkyl steht. 

7. Verbindung nach Anspruch 1 , worin R 1 und R 2 fur OR 4 und R 4 fur eine aus CH 2 OC(0)R 5 und CH(R 5 )OC(0)R 5 (R; 
S; oder RS Stereochemie) ausgewahlte, physiologisch hydrolysierbare Estergruppe Oder Aryl stent worin Aryl mit 
unabhangig aus Hydroxy und Halogen ausgewahlten Substituenten substituiert ist. 

8. Verbindung nach Anspruch 1 , namlich 

PMEA. Di(propionyloxymethylester); 
PMEA, Di(isobutyryloxymethylester); 
PMEA, Bis(diethylamid); 
PMEA, Di(butylacetatester); 
PMEA, Di(ethylacetatester); 
PMEA, Di(benzoyloxymethylester); 
PMEA, Dibutylamid; 
PMEA, Di(2-methylpropy1ester); oder 
PMEA, Di(3-methyibutylester). 

9. Verbindung nach Anspruch 1 , namlich 

PMEA, Di(prvaioyloxymethylester). 

1 0. Die Verbindung nach Anspruch 3, namlich 

PMEA, Mono(pivaloyloxymethylester); 
PMEA, Mono(octylester); 
PMEA, Mono(hydroxy-2.2-dimethylpropylester); 
PMEA, Mono-(2.2,2-trichlorethylester); oder 
PMEA, Mono-(2.2-difluor-3-hydroxypropylester). 

11. Verbindung nach Anspruch 4, namlich 

PMEA, cyclischer Propanyldiester; 
PMEA. cyclischer (2.2-Dimethyl)propanyidi ester; 
PMEA, cyclisches (2.2-Dimethyl)propanyldiamid; 
PMEA, N.N'-Dimethyl-cyclisches PropanyWiamid. 

12. Verbindung, namlich 

PMEA, Di(isopropylester); 
PMEHx, Mono(isopropylester); 
6-Chlor-9-(2-phosphonylmethoxy)ethylpurin, 
Di(isopropyl ester); 

9-(2-Phosphonylmethoxy)ethylpurin, Di(isopropylester); 
PMEA, Mono(isopropylester); 

PMEA, (Monoisopropyl, monopivaloyloxymethyl)ester; oder 
PMEA, (Monoisopropyl, monophenyl)ester; 

pharmazeutisch akzeptable Saureadditionssalze. Metailsalze und Solvate davon. 

1 3. Verbindung, namlich 



50 



EP0 481 214 B1 

PMEA, Di(phenylester); 
PMEA, Di-(p-nitrobenzylester); 
PMEA, Di-(2.2,2-trichlorethylester); 
PMEA, Di-{p-trif!uormethylbenzylester); 
PMEA, Mono(cholinester); 

PMEA, (Mono-N.N-diethylaceta/nid, monopivaloyloxymethyl) 
ester; 

PMEA, Mono-(3-hydroxypropanylestef); 
PMEA, Mono-{3-amino-2,2-dimethylpropylamid); 
PMEA, Monc-(N.N-diethylacetamidester); 
PMEA Mono(essigsaureester); 
PMEA Monc-(N,N-diisopropylacetamidester); 
PMEA Monc-(p-nitrobenzyl ester); oder 
PMEA, Mono-<p-trifluormethy[benzylester); 
PMEA, Mono(phenyiester); 

pharmazeutisch akzeptable Saureaddrtionssalze. Metallsalze und Solvate davon. 

14. Verfahren zur Herstellung einer Verbindung nach Anspruch 1 . 2, 12 oder 13, wobei man das Phosphonat mit einem 
Aktivierungsmittel und dann mit dem geeigneten Amin Oder AJkohol umsetzt; Oder das Phosphonat mit dem geeig- 
neten Alkylhalogenkj alkyliert; Oder die Diether oder Diamine hydrolysiert 

15. Verfahren zur Herstellung einer Verbindung nach Anspruch 3, 12 oder 13, wobei man das Phosphonat mit einem 
Aktivierungsmittel und dann mit dem geeigneten Amin oder AJkohol umsetzt; Oder die Diether oder Diamine hydro- 
lysiert. 

1 6. Verfahren zur Herstellung einer Verbindung nach Anspruch 4, wobei man das Phosphonat mit einem Aktivierungs- 
mittel und dann mit dem geeigneten Amin oder Alkohol umsetzt 

17. Verfahren zur Herstellung einer Verbindung nach Anspruch 5, wobei man das Phosphonat mit einem Aktivierungs- 
mittel und dann mit dem geeigneten Amin oder Alkohol umsetzt; oder das Phosphonat mit dem geeigneten Alkyl- 
halogenid alkyliert. 

18. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Behandlung viraler Infektionen eines Saugers. 

19. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Wachstumshemmung eines Saugertumors. 

20. Pharmazeutische Zusammensetzung mit wenigstens einer Verbindung der Anspruche 1 bis 13 zusammen mit 
einem pharmazeutisch akzeptablen, im wesentlichen atoxischen Trager oder Excipienten. 

Patentanspruche fur folgenden Vertragsstaat : ES 

1 . Verfahren zur Herstellung einer Verbindung mit der Strukturfbrmel I 

0 

.» 11 

R P — CHa — 0 — R — B Formal I 



worm 



B fur Adenin (A), Cytosin (C). Guanin (G), Thymin (T), Uracil (U), 2.6-Diaminopurin (DAP), Hypoxanthin (Hx) 
stent. 
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worin 

Q unabhangig ausgewahri ist aus H t CI, NHR 5 , NR 5 2 , NHC(0)R 5 , NCCfOJR 5 ^. OH oder NCHN(R 5 ) 2 ; 

R 1 und R 2 gleich Oder verschieden sind und unabhangig voneinander jeweils fur OR 4 , NH 2 , NHR 5 oder NJR 5 ), 

stehen; R 1 und R 2 gegebenenfalls miteinander unter Bildung einer cyciischen Gruppe vertxjnden sind oder R* 

oder R 2 gegebenenfalls mit R 3 unter Bildung einer cyciischen Gruppe verbunden sind; 

R 3 fur C r C2o-AJkylen stent, das unsubstituiert oder mit unabhangig aus Hydroxy und Halogen ausgewahlten 

Substituenten substituiert ist; oder R 3 fur CH(CH20R 6 )CH2 stent wobei R 1 und R 2 jeweils unabhangig zusatz- 

lich fur OH stehen kdnnen und R 6 eine hydrolysierbare Estergruppe ist: 

R 4 fQr eine physiologisch hydrolysierbare Estergruppe steht, die ausgewahlt ist unter CH 2 C(0)NR 5 2 , 
Ch^CfOJOR 5 , CH 2 0C(0)R 5 . CHtR^OCfOJR 5 (R; S; oder RS Stereochemie), CH 2 C(R 5 ) 2 CH20H oder 
CH 2 OR 5 ; oder R 4 fQr unsubstituiertes oder durch unabhangig aus Hydroxy und Halogen ausgewahlte Substi- 
tuenten substituiertes C 4 -C2o-Alkyl, Aryl-Alkyl oder Aryl steht mit der MaBgabe. daB R 1 und R 2 nicht gleich- 
zertig Alkoxy sind; 

R 5 fur unsubstituiertes oder durch unabhangig aus Hydroxy und Halogen ausgewahlte Substituenten substitu- 
iertes CrC^-AJkyl, Aryl oder Aryl-Alkyl steht; 

pharmazeutisch akzeptabler Saureadditionssatze, Metailsalze und Solvate davon; 

mit der MaBgabe, daB diejenigen Verbindungen obiger Formel I ausgeschlossen sind, worin 

B fur Adenin, Xanthin, Hypoxanthin. Guanin, 2-Aminopurin, 2,6-Diaminopurin, Cytosin, Thymin oder Uracil 

steht R 3 fQr 

R a 

i 

-alkrC— alk. 




steht worin al^ an B gebunden ist alk 1( alk2 und alk 3 unabhangig voneinander ausgewahlt sind unter einer 
chemischen Bindung oder CrC^-Alkylen, R a fur Wasserstoff oder CrC 4 -Alkyl und Q 1 fQr Wasserstoff oder 
Hydroxyl steht und R 1 und R 2 fur unsubstituiertes C4-C 6 -AJkoxy, Phenoxy oder Phenyl -C r C 4 - Alkoxy stehen; 
wobei man das Phosphonat mit einem Aktivierungsmittel und dann mit dem geeigneten Amin oder Alkohol 
umsetzt; oder das Phosphonat mit dem geeigneten Alkyihalogenid alkyliert; oder die Oiether oder Diamine 
hydrolysiert 

Verfahren nach Anspruch 1 zur Herstellung einer Verbtndung aus Anspruch 1 mit der allgemeinen Strukturformel II 



0 B 




Formel II 
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^ worin 

B, R 1 und R 2 wie in Anspruch 1 defiriiert sind, mit der MaSgabe, daQ R 5 nicht CH 3 ist, falls Q fur NCHN(R 5 ) 2 
stent; 

5 X for Wasserstoff, CH 2 OR 6 (R; S; Oder RS Stereochemie), oder substituiertes Oder unsubstituiertes Niedrigal- 

kyf. insbesondere Methyl oder Hydroxymethyl stent; fells X fur CH 2 OR 6 stent R 1 und R 2 unabhangig zusatz- 
!ich OH sein kCnnen; und 
R 6 fur eine hydrolysierbare Estergruppe stent 

w 3. Verfahren zur Herstellung einer Verbindung mit der allgemeinen StrukturformeJ 111 

P B 

Formal III 

X 

20 

worin 




B und R 1 wie zuvor in Anspruch 1 definiert sind; 

X fur Wasserstoff. CH 2 OR 6 (R; S; oder RS Stereochemie). oder substituiertes Oder unsubstituiertes Niedrigal- 
2S kyi, insbesondere Methyl Oder Hydroxymethyl steht; falls X fur CH 2 OR 6 stent R 1 zusatzlich OH sein kann; und 

R 6 eine hydrolysierbare Estergruppe ist; 
R 7 fur OH. NH 2 . NHR 5 oder NR 5 2 stent; und 

R 5 wie in Anspruch 1 definiert ist; pharmazeutische akzeptabler Saureadditionssalze, Metallsalze und Solvate 
davon; 

30 mit der MaGgabe, daB diejenigen Verbindungen obiger Forme! Ill ausgeschlossen sind, worin 

B fQr Adenin, Xanthin, Hypoxanthin, Guanin. 2-Aminopurin, 2,6-Diaminopurin. Cytosin. Thymin oder Uracil 
steht 

X for all^-Q 1 steht. worin alkg ausgewahlt ist unter einer chemischen Bindung oder -C 4 -Alkyten. Q 1 fQr Was- 
serstoff oder Hydroxyl steht und R 1 und R 7 fur OH, unsubstituiertes C4-C6-Alkoxy, Phenoxy oder Phenyl-Cr 
35 C 4 -Alkoxy stehen; 

wobei man das Phosphonat mit einem Aktivierungsmittel und dann mit dem geeigneten Amin oder Alkohol 
umsetzt; Oder die Diether oder Oiamine hydrolysiert. 

4. Verfahren zur Herstellung einer Verbindung aus Anspruch 1 mit der allgemeinen Strukturforme! IV 

40 



45 



50 




Formal IV 



R H "(CH,)m 



worm 



R 8 und R 9 gleich oder verschieden sind und unabhangig voneinander jeweils fur NR 12 oder Sauerstoff stehen; 
R 10 und R n gleich oder verschieden sind und unabhangig voneinander jeweils fOr Wasserstoff oder R 5 ste- 
55 hen; 

R 12 fur Wasserstoff Oder Niedrigaikyl steht; 

m und n gleich oder verschieden sind und unabhangig voneinander jeweils fur 0 oder 1 stehen; 
B und R 5 wie in Anspruch 1 definiert sind; und 
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r « X wie in Anspruch 2 def iniert 1st; 

wobei man das Phosphonat mit einem Aktivierungsmittel und dann mit dem geeigneten Am.n oder Alkohol 
umsetzt 

5. Verfahren zur Herstellung einer Verbindung mit der aligemeinen Strukturformel V 



Formel V 

Stereochimie ist R; S; oder RS 



worin 

R 13 for OR 4 . NHR 5 . NR 5 2 Oder OH stent mit der MaBgabe, daB R 13 nicht OH ist. falls B fur A oder C stent; und 
B, R 4 , und R 5 wie in Anspruch 1 def iniert sind; pharmazeutisch'akzeptabler Saureadditionssalze, Metallsalze 
und Solvate davon; 

wobei man das Phosphonat mit einem Aktivierungsmittel und dann mit dem geeigneten Amin oder Alkohol 
umsetzt; oder das Phosphonat mit dem geeigneten Alkylhalogenid alkyliert. 

6. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung aus Anspruch 1, worin R 4 fur unsubstituiertes oder 
durch unabhangig aus Hydroxy und Halogen ausgewahlte Substituenteh substituiertes C4-C 20 ^ k y , » A^y* Oder 
Aryi-Aikyl steht. 

7. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung aus Anspruch 1 , worin R 1 und R 2 for OR 4 und R 4 fur 
eine aus CH 2 OC(0)R 5 und CHfR^OCfOJR 5 (R; S; oder RS Stereochemie) ausgewahlte, physiologisch hydroiy- 
sierbare Estergruppe Oder Aryl steht worin Aryl mit unabhangig aus Hydroxy und Halogen ausgewatilten Substi- 
tuenten substituiert ist 

8. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung aus Anspruch 1, namlich 

PMEA, Di(propionyloxymethylester); 
PMEA, Di(isobutyryloxymethylester); 
PMEA, Bis(diethylamid); . 
PMEA, Di(butylacetatester); 
PMEA. Di(ethylacetatester); 
PMEA, Di(benzoyloxymethylester); 
PMEA, Dibutylamid; 
PMEA, Di(2-methylpropyl ester); oder 
PMEA, Di(3-methy1butylester). 

9. Verfahren nach Anspruch 1 zur Herstellung einer Verbindung aus Anspruch 1 , namlich 

PMEA, Di(piva!oyloxymethylester). 

1 0. Verfahren nach Anspruch 3 zur Herstellung einer Verbindung aus Anspruch 3. namlich 

PMEA, Mono(pivaloyloxymethylester); 
PMEA, Mono(octyl ester); 
PMEA, Mono(hydroxy-2,2-dimethylpropylester) ; 
PMEA, Mono-(2,2,2-trichlorethylester); oder 
PMEA. Mono-(2.2-dif!uor-3-hydroxypropytester). 

1 1 . Verfahren nach Anspruch 4 zur Herstellung einer Verbindung aus Anspruch 4, namlich 



B 
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PMEA, cydischer Propanyidiester; 
PMEA, cydischer (2,2-Dimethyl)propanyldiester; 
PMEA, cydisches (2,2-DimethyOpropanyldiamid; 
PMEA, N.N'-Dimethyl-cyclisches Propanyldiamid. 

12. Verfahren nach Anspruch 1 oder Anspruch 3 zur Herstellung einer Verbindung, namlich 

PMEA, Di(isopropyfester); 
PMEHx, Mono(isopropylester); 
6^hlor-9-(2-phosphonyimethoxy)ethylpurin, 
Di(isopropylester); 

9^2-Phosphonylmeth6xy)ethylpurin, Di(isoprcpylester); 
PMEA, Mono(isopropylester); 

PMEA, (Monoisopropyl, monopivaJoyloxymethyl) ester; oder 
PMEA, (Monoisopropyl, monophenyi)ester; 

pharmazeutisch akzeptab/er Saureadditionssalze, MetallsaJze und Solvate davon. 

13. Verfahren nach Anspruch 1 oder Anspruch 3 zur Herstellung einer Verbindung, namlich 

PMEA, Di(phenylester); 
PMEA, Di-(p-nitrobenzylester); 
PMEA, Di-(2.2.2-trichlorethylester); 
PMEA, Di-(p-trifluormethylbenzylester); 
PMEA, Mono(cholinester); 

PMEA, (Mono-N,N-diethylacetamid, monoprvaloyloxymethyOester; 

PMEA, Mono-(3-hydroxypropanylester); 

PMEA, Mono^3-amirx>2,2<iimethylpropylamid); 

PMEA Mono-(N.N-diethylacetamidester); 

PMEA, Mono(essigsaureester); 

PMEA, Mono^N.N-diisopropylacetamidester); 

PMEA, Mono-(p-nrtrobenzylester); oder 

PMEA, Mono-(p-trifluormethylbenzylester); 

PMEA, Mono(phenylester); 

pharmazeutisch akzeptabler Saureadditionssalze, MetallsaJze und Solvate davon. 

14. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Behandlung viraler Infektionen eines Saugers. ^ 

15. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Wachstumshemmung eines Saugertumors. 

16. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei man eine Menge wenigstens einer 
in einem der Anspruche 1 bis 13 definterten Verbindung mit einem pharmazeutisch akzeptablen, im wesentlichen 
atoxischen Trager oder Excipienten mischt 

PatentansprOche fur folgenden Vertragsstaat : GR 

1 . Verbindung mit der StrukturformeJ I 

0 

■ » ii 

R P — CHa — 0 — R — B Formal I 

i, . . 

R 



worin 
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B fur Adenin (A), Cytosin (C), Guanin (G), Thymin (T). Uracil (U). 2,6-Oiaminopurin (DAP), Hypoxanthin (Hx) 
stent 




worin 

Q unabhangig ausgewahlt ist aus H, CI. NHR 5 . NR 5 2 , NHC(0)R 5 . NfCtOJR 5 ^. OH Oder NCHNfR 5 )^ 

R 1 und R 2 gleich Oder verschieden sind und unabhangig voneinahder jeweils fQr OR 4 , NH 2 , NHR 5 oder NfR 5 ^ 

stehen; R 1 und R 2 gegebenenfalls miteinander unter Bildung einer cyclischen Gruppe verbunden sind oder R 1 

oder R 2 gegebenenfalls mit R 3 unter Bildung einer cyclischen Gruppe verbunden sind; 

R 3 fur CrC2o-Aikylen stent, das unsubstituiert Oder mit unabhangig aus Hydroxy und Halogen ausgewahlten 

Substituenten substituiert ist; oder R 3 fQr CH(CH20R 6 )CH 2 steht, wobei R 1 und R 2 jeweils unabhangig zusatz- 

lich fur OH stehen konnen und R s eine hydrolysierbare Estergruppe ist; 

R 4 fur eine physiologisch hydrolysierbare Estergruppe steht, die ausgewahlt ist unter CH 2 C(0)NR 5 2 , 
CH 2 C(0)0R 5 . CH 2 0C(0)R 5 , CHtR^OCfOJR 5 (R; S; Oder RS Stereochemie). CH 2 C(R 5 ) 2 CH 2 0H oder 
CH 2 OR 5 ; oder R 4 fur unsubstituiertes oder durch unabhangig aus Hydroxy und Halogen ausgewahlte Substi- 
tuenten substituiertes C^C^-AJkyt, Aryl-Alkyl oder Aryl steht mit der MaGgabe, dafl R 1 und R 2 nicht gleich- 
zertig Alkoxy sind; 

R 5 fOr unsubstituiertes oder durch unabhangig aus Hydroxy und Halogen ausgewahlte Substituenten substitu- 
iertes C r C2o-AIkyl, Aryt Oder Aryl-AIkyf steht; 

pharmazeutisch akzeptable Saureadcfitionssalze, Metallsalze und Solvate davon; 

mit der MaGgabe, dal3 diejenigen Verbindungen obiger Forme! I ausgeschiossen sind, worin 

B fur Adenin, Xanthin, Hypoxanthin, Guanin, 2-Aminopurin, 2,6-Diaminopurin, Cytosin. Thymin oder Uracil 

steht. R 3 fur 

-alkrC — alJc. 
I 3 




steht worin alkj an B gebunden ist alk 1r alka und aika unabhangig voneinander ausgewahlt sind unter einer 
chemischen Bindung Oder C r C^Aikylen, R a fQr Wasserstoff Oder C r C 4 -AJkyl und Q 1 fQr Wasserstoff oder 
Hydroxy! steht und R 1 und R 2 fur unsubstituiertes C 4 -C 6 -A!koxy, Phenoxy oder Phenyl-^ -C 4 -Aikoxy stehen. 

Verbindung nach Anspruch 1 mit der ailgemeinen Strukturformel II 




Formal II 



worin 
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B, R 1 und R 2 wie in Anspruch 1 definiert sind, mit der MaGgabe, daB R 5 nicht CH 3 ist. falls Q fur NCHN(R 5 ) 2 
stent; 

X fur Wasserstoff. CH 2 OR 6 (R; S; Oder RS Stereochemie), oder substituiertes Oder unsubstltuiertes Niedrigal- 
kyi, insbesondere Methyl oder Hydroxymethyl stent; falls X fGr CH 2 OR 6 stent R 1 und R 2 unabhangig zusatz- 
lich OH sein konnen; und 
R 6 fur eine hydrolysierbare Estergruppe stent 

Verbindung mit der allgemeinen Strukturformel III 



B und R 1 wie zuvor in Anspruch 1 definiert sind; 

X fOr Wasserstoff, CH 2 OR 6 (R; S; oder RS Stereochemie), Oder substituiertes oder unsubstituiertes Niedrigal- 
kyt insbesondere Methyl oder Hydroxymethyl stent; falls X fGr CH 2 OR 6 stent R 1 zusatzlich OH sein kann; und 
R 6 eine hydrolysierbare Estergruppe ist; 
R 7 fur OH, NH 2 . NHR 5 oder NR 5 2 steht; und 
R 5 wie in Anspruch 1 definiert ist; 

pharmazeutische akzeptaWe Saureadditionssalze, Metallsalze und Solvate davon; 

mit der Mafigabe, daB diejenigen Verbindungen obiger Formel III ausgeschlossen sind, worin 

B fur Adenin, Xanthin, Hypoxanthin, Guanin, 2-Aminopurin, 2,6-Diaminopurin, Cytosin, Thymin oder Uracil 

stent 

X fur alk^Q 1 steht, worin alk 2 ausgewahlt ist unter einer chemischen Bindung oder C<\ -C^AIkyfen, Q 1 for Was- 
serstoff oder Hydroxy! steht und R 1 und.R 7 fur OH, unsubstituiertes C 4 -C 6 -Alkoxy, Phenoxy oder Phenyl-C r 
C 4 -Alkoxy stehen. 

Verbindung nach Anspruch 1 mit der allgemeinen Strukturformel IV 



R 8 und R 9 gleich oder verschieden sind und unabhangig voneinander jeweils fur NR 12 oder Sauerstoff stehen; 
R 10 und R 11 gleich oder verschieden sind und unabhangig voneinander jeweils fur Wasserstoff Oder R 5 ste- 
hen; 

R 12 fur Wasserstoff oder Niedrigalkyl steht; 

m und n gleich oder verschieden sind und unabhangig voneinander jeweils fur 0 oder 1 stehen; 
B und R 5 wie in Anspruch 1 definiert sind; und 
X wie in Anspruch 2 definiert ist 

Verbindung mit der allgemeinen Strukturformel V 




Formal III 



worin 




worin 
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Formal V 

c 

Stereochimio ist R; S; oder RS 



worin 

R 13 for OR 4 , NHR 5 , NR 5 2 oder OH steht mit der Maftgabe, da8 R 13 nicht OH ist, falls B fur A oder C steht; und 
B, R 4 , und R 5 wie in Anspruch 1 definiert sind; 

pharmazeutisch akzeptable Saureadditionssalze, Metallsalze und Solvate davon. 

6. Verbindung nach Anspruch 1 , worin R 4 fur unsubstituiertes Oder durch unabhangig aus Hydroxy und Halogen aus- 
gewahlte Substituenten substituiertes C 4 -Ca 0 -Alkyl, Aryl oder Aryl-Alkyl steht. 

7. Verbindung nach Anspruch 1 , worin R 1 und R 2 fOr OR 4 und R 4 fQr eine aus CH 2 OC(0)R 5 und CHfR^OCfOJR 5 (R; 
S; Oder RS Stereochemie) ausgewahlte, physiologisch hydrolysierbare Estergruppe oder Aryl stent worin Ary) mit 
unabhangig aus Hydroxy und Halogen ausgewahlten Substituenten substituiert ist. 

8. Verbindung nach Anspruch 1 , namlich 

PMEA, Di(propionyloxymethylester); 
PMEA. Di(isobutyryloxymethylester); 
PMEA, Bis(diethylamid); 
PMEA, Di(butylacetatester); 
PMEA, Di(ethylacetatester); 
PMEA, Di(benzoyloxymethylester); 
PMEA, Dibutylamid; 
PMEA, Di(2-methylpropytester); oder 
PMEA, Di(3-methylbutylester). 

9. Verbindung nach Anspruch 1 , namlich 

PMEA, Di(pivaloyloxymethyiester). 

10. Die Verbindung nach Anspruch 3, namlich 

PMEA, Mono(pivaJoyloxymethylester); 
PMEA, Mono(octylester); 
PMEA, Monoihydroxy-a^-dimethylpropylester); 
PMEA Mono-(2.2,2-trichlorethylester); oder 
PMEA, Mono-(2,2-difluor-3-hydroxypropylester). 

1 1 . Verbindung nach Anspruch 4, namlich 

PMEA, cyciischer Propanyldiester; 
PMEA, cyciischer (2,2*0imethyl)propanyidiester; 
PMEA, cyclisches (2,2-Dimethyi)propany(diamid; 
PMEA, N.N'-Dimethyl-cyclisches PropanyWiamid. 

12. Verbindung, namlich 

PMEA, Di(isopropylester); 
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PMEHx, Mono(isopropy1ester); 
6-Chlor-9-{2-phosphonylmethoxy)8thy!purin, 
Di(isopropyl ester); 

9-(2-Phosphonylmethoxy)ethylpurin, Di(isopropyf ester); 
PMEA, Mono(isopropylester); 

PMEA, (Monoisopropyl, monopivaloyloxymethyl) ester; oder 
PMEA, (Monoisopropyi, monophenyQester; 

pharmazeutisch akzeptabie Saureadditionssalze. Metallsaize und Solvate davon. 



1 3. Verbindung, namlich 



PMEA, Di(phenylester); 
PMEA, Di-{p-nitrobenzylester); 
PMEA, Di-(2.2.2-trichlorethylester); 
PMEA, Di-(p-trtfluormethylbenzylester); 
PMEA, Mono(cholinester); 

PMEA, (Mono-N,N-diethylacetamid, monopivaloyloxymethyl) ester; 

PMEA/Mono-(3-hydroxypropanylester); 

PMEA, Mono-{3-amino-2 f 2-dimethylpropylamid); 

PMEA, Mono-(N,N-diethy1acetamidester); 

PMEA, Mono(essigsaureester); 

PMEA, Mono^N.N-diisopropylacetamidester); 

PMEA, Mono-(p-nrtrobenzyl ester); oder 

PMEA, Mono-(p-trifluormethylbenzy1 ester); 

PMEA, Mono(phenylester); 

pharmazeutisch akzeptable Saureadditionssaize, Metallsaize und Solvate davon, 

1 4. Verfahren zur Herstellung einer Verbindung nach Anspruch 1 , 2, 1 2 oder 1 3, wobei man das Phosphonat mit einem 
Aktivierungsmittel und dann mrt dem geeigneten Amin oder AJkohol umsetzt; oder das Phosphonat mit dem geeig- 
neten AJky I halogen id aikyliert; oder die Di ether oder Diamine hydrolysiert. 

15. Verfahren zur Herstellung einer Verbindung nach Anspruch 3, 12 oder 13, wobei man das Phosphonat mit einem 
Aktivierungsmittel und dann mit dem geeigneten Amin oder Alkohol umsetzt; oder die Di ether oder Diamine hydro- 
lysiert. 

16. Verfahren zur Herstellung einer Verbindung nach Anspruch 4, wobei man das Phosphonat mit einem Aktivierungs- 
mittel und dann mit dem geeigneten Amin oder Alkohol umsetzt 

1 7. Verfahren zur Herstellung einer Verbindung nach Anspruch 5, wobei man das Phosphonat mit einem Aktivierungs- 
mittel und dann mit dem geeigneten Amin Oder Alkohol umsetzt; Oder das Phosphonat mit dem geeigneten AJkyl- 
halogenid aikyliert. 

18. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Behandlung viraler Infektionen eines Saugers. 

19. Verwendung einer Verbindung nach einem der Anspruche 1 bis 13 zur Herstellung einer pharmazeutischen 
Zusammensetzung zur Wachstumshemmung eines Saugertumors. 

20. Verfahren zur Herstellung einer pharmazeutischen Zusammensetzung, wobei man eine Menge wenigstens einer 
in einem der Anspruche 1 bis 13 definierten Verbindung mit einem pharmazeutisch akzeptabten, im wesentlichen 
atoxischen Trager oder Excipienten mischt. 

Revendications 

Revendlcatlons pour les Etats contractants suivants : AT, BE, CH, DE, DK, FR, GB, IT, U, LU, NL, SE 

1 . Compose ayant la formula developp6e I : • 
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0 



R 



2 



CH 2 — 0— R— B 



P — 



R 



1 



FORMULE 



I 



dans laqueile 



B represente I'adenine (A), la cytosine (C). la guanine (G), la thymine (T), I'uracile (U), la 2,6-diaminopurine 
(DAP), 1'hypoxanthine (Hx). 



dans laqueile 

Q est independamment choisi parmi H, CI, NHR 5 , NHR 5 2 , NHC(0)R 5 , NfCtOJR 5 )^ OH ou NCHN(R 5 ) 2 ; 

R 1 et R 2 sont identiques ou drfferents et representent independamment OR 4 , NH 2 . NHR 5 ou NfR 5 )^ R 1 et R 2 
etant eventuellement lies Tun a I'autre pour former un groupe cyclique, ou R 1 ou R 2 etant eventuellement lies 
a R 3 pour former un groupe cyclique; 

R 3 represente un groupe alkylene en Cj a C20 qui peut etre non substitue ou substitue par des substituants 
independamment choisis parmi le groupe constitue du groupe hydroxy et du groupe halogene; ou R 3 repre- 
sente CH(CH 2 OR 6 )CH 2 , auquel cas R 1 et R 2 peuvent en outre representer independamment OH, et R 6 repre- 
sente un groupe ester hydrolysable; 

R 4 represente un groupe ester physiologiquement hydrolysable choisi parmi CH 2 C(0)NR 5 2 . CHgCfOJOR 5 , 
CH 2 OC(0)R 5 . CHfR^OCfOJR 5 (stereochimie R; S; ou RS), C^CfR^CH^OH, ou CH2OR 5 ; ou R 4 repre- 
sente un groupe aJkyle, arylalkyle ou a/yle en C 4 a C 20 qui peut etre non substitue ou substitue par des subs- 
tituants independamment choisis parmi le groupe constitue du groupe hydroxy et du groupe halogene a 
condition que R 1 et R 2 ne representent pas simultanement le groupe aikoxy; 

R 5 represente un groupe aikyfe, aryle ou arylalkyle en C t a C20 qui peut etre substitue ou non substitue par 
des substituants independamment choisis parmi le groupe constitue du groupe hydroxy et du groupe 
halogene; 

sels d'addition d'adde, sels de metal, et solvates pharmaceutiquement acceptabJes de celui-ci; 
a condition que soient exdus les composes de la formula I ci-dessus dans lesquels : 

B represente radenine, la xanthine, rhypoxanthine, la guanine, la 2-aminopurine, la 2,6-diaminopurine, la cyto- 
sine, la thymine, ou I'uracile. 
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R a 
I 

-alkf C — alk 3 




R 3 represente 

ou aik) est lie" & B, alk 1( all^ et aJfcq sort independammertt choisis parmi une liaison chimique ou un groupe 
aikylene en a C 4 . R a represente I'hydrogene ou un groupe alkyle en d & C 4 et Q 1 represente I'hydrogene 
ou un groupe hydroxyle. et R 1 et R 2 representent des groupes alkoxy en C 4 k C 6 . phenoxy ou ph6nyi-(C 1 k 
C 4 )-alkoxy non substitues. 

Compose selon ia revendication 1 qui a la formula developpee generate H : 

J 

R P o 



IN/ 



R 1 




FORMULE II 



dans laquelle 

B, R 1 et R 2 sont teis que d6crits dans la revendication 1, k condition que lorsque Q represente NCHN(R 5 ) 2 , 
alors R 5 ne represente pas CH 3 ; 

X represente I'hydrogene, CH 2 OR 6 (stereochimie R; S; ou RS), ou un groupe alkyle tnf erieur substitue ou non 
substitu6, en particulier le groupe m6thyie ou hydroxym6thyle; lorsque X represente CH 2 OR 6 , R 1 et R 2 peu- 
vent en outre Stre independamment choisis parmi OH; et 

R 6 represente un groupe ester hydrolysable. 

Compose ayant la formula developpee g<§ne>ale III : 




FORMULE III 
dans laquelle 

B, et R 1 sort tels que prec6demment droits dans la revendication 1 ; 

X represente I'hydrogene, CH 2 OR 6 (stereochimie R; S; ou RS) ou un groupe alkyle interieur substitue ou non 
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substitue, en particulier le groupe methyle ou hydroxymethyle; lorsque X represente CH 2 OR 6 , R 1 part en outre 
representer OH; et R 6 represente un groupe ester hydrolysable; 

R 7 represente OH, NH 2 , NHR 5 , ou NR 5 2 ; et 

R 5 est tei que decrit dans la revendication 1 ; sels d'addition d'acide, seJs de metal, et solvates pharmaceutic 
quement acceptaJbles de celui-ci; 

a condition que soient exclus les composes de la formula 111 ci-dessus dans laquelle : 

B represente ('adenine, la xanthine, rhypoxanthine, la guanine,- la 2-aminopurine, la 2,6-diaminopurine, la cyto- 
sine, la thymine, ou I'uracile, 

X represente aik 2 -Q 1 

ou aikq est choisi parmi une liaison chimique ou un groupe alkylene en a C4. Q 1 represente Thydrogene ou 
le groupe hydroxyle, et R 1 et R 7 represented OH, un groupe aikoxy en C 4 a C 6 , phenoxy ou phenyl-^ a C4)- 
alkoxy non substitue. 

Compose selon la revendication 1 qui a la formule developpee generate IV : 

B 

v 

x FORMULE IV 

dans laquelle 

R 8 et R 9 sont identiques ou diff6rents et represented independamment NR 12 ou Toxygene; 
R 10 et R 11 sont identiques ou diff6rents et represented independamment Ihydrogene. ou R 5 ; 
R 12 represente I'hydrogene ou un groupe alkyle inferieur; 
m et n sont identiques ou diff6rerrts et/epr6sentent independamment 0 ou 1 ; 
B et R 5 sont tels que deeds dans la revendication 1 ; et 
X est tel que decrit dans la revendication 2. 
Compose qui a la formule developpee generaJe V : 

* stSreochimie R; S; ou RS 
R 13 FORMULE V 

dans laquelle 

R 13 represente OR 4 , NHR 5 , NR S 2 , ou OH, a condition que R 13 ne represente pas OH lorsque B represente A 





62 



EP 0 481 214 B1 

ou C; et 

B, R 4 , et R 5 sort tels que decrits dans la revendication 1 ; 

sels d'addition d'acide, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci. 

6. Compose selon la revendication 1, dans lequel R 4 represente un groupe alkyle, aryle ou aryl-aJkyle en C 4 a 
qui peut etre non substrtue ou substrtue par des substituants independamment choisis parmi les groupes hydroxy 
et halogene. 

7. Compost selon la revendication 1 dans lequel R 1 et R 2 represented OR 4 , et R 4 represente un groupe ester phy- 
siologiquement hydrolysable choisi parmi CH 2 OC(0)R 5 et CHfR^OQOJR 5 (stereochimie R; S; ou RS); ou le 
groupe aryle dans lequel ie groupe aryle est substrtue par des substituants independamment choisis parmi les 
groupes hydroxy et haiogene. 

8. Compose selon la revendication 1 qui est 

di-(ester propionyloxymethylique) de PMEA; 
di-(ester isobutyryloxymethylique) de PMEA; 
bis-diethyiamide de PMEA; 
di-(ester acetate de butyle) de PMEA; 
di-(ester acetate d'ethyle) de PMEA; 
di-(ester benzoyloxym6thylique) de PMEA; 
dibutylamide de PMEA; 
digester 2-m6thylpropy1ique) de PMEA; ou 
digester 3-methylbutylique) de PMEA. 

9. Compost selon (a revendication 1 qui est 

di-(ester pivaloyloxymethylique) de PMEA. 

1 0. Compost seion ia revendication 3 qui est 

mono-{ester pivaJoytoxymethylique) de PMEA; 
mono-< ester octylique) de PMEA; 
mono-(ester hydroxy-2,2-dimethylpropylique) de PMEA; 
mono-(ester 2,2,2-trichloroethylique) de PMEA; ou 
mono-(ester 2,2-difluoro-3-hydroxypropylique) de PMEA. 

1 1 . Compose selon la revendication 4 qui est 

diester cyclopropanytique de PMEA; 

diester (2,2-dimethyl)cyclopropanylique de PMEA; 

diamide (2.2-dimethyl)cyclopropanylique de PMEA 
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r . diamide N,N'-dim&hyl-cyctopropanylique de PMEA. 

12. Compose qui est 

digester isopropylique) de PMEA; 
mono-(ester isopropylique) de PMEHx; 

di- (ester isopropylique) de 6-chloro*9-(2-phosphonylmethoxy)6thylpurine; 
di- (ester isopropylique) de 9-(2-phosphonylm6thoxy)6thylpurine; 
mono-(ester isopropylique} de PMEA; 

ester (mono-isopropylique, mono-pivaJoyloxym&hylique) de PMEA; ou 

ester (mono-isopropylique, mono-phenylique) de PMEA; 

seis d'addition d'acide, sels de m&ai. et solvates pharmaceutiquement acceptables de celui-ci. 

13. Compose qui est 

di-(ester phenylique) de PMEA; 
di-(ester p-nitrobenzylique) de PMEA; 
di-(ester 2,2,2-trichloro6thylique) de PMEA; 
di-(ester p-trifluorom6thylbenzylique) de PMEA; 
mono-(ester cholinique) de PMEA; 

ester (mono-N,N-di6thylacetamidique, mono-pyvaloyloxymethylique) de PMEA; 

mono-(ester 3-hydroxypropanylique) de PMEA; 

mono-(3-amino-2,2^im6thylpropylarnide)) de PMEA; 

mono-(ester N.N-di6thylacetamidique) de PMEA; 

mono-(ester de i'acide acetique) de PMEA; 

mono-(ester N,N-diisopropylac6tamidiq'ue) de PMEA; 

mono-(ester p-nitroben2ylique) de PMEA; ou 

mono-(ester p-trrtluorom6thylbenzylique) de PMEA; 

mono-(ester phenylique) de PMEA; 

sels d'addition d'acide. sels de metal, et solvates pharmaceutiquement acceptables de celui-ci. 

14. Proced6 de production du compost selon la revendication 1 , 2, 12 ou 13 qui comprend la reaction du phosphonate 
avec un agent activant, puis la reaction avec I'amine ou i'alcool approprie; ou I'alkylation du phosphonate avec 
I'halogenure d'alkyle approprie; ou I'hydrolyse des cithers ou des diamines. 

15. Precede de production du compose seion la revendication 3, 12 ou 13 qui comprend la reaction du phosphonate 
avec un agent activant, puis la reaction avec I'amine qu I'alcool approprie; ou I'hydrolyse des diethers ou des dia- 
mines. 
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16. Procede de production du compost selon la revendication 4 qui comprend la reaction du phosphonate avec un 
agent activant, puis la reaction avec Famine ou I'aicooi approprie. 

17. Procede de production du compose selon la revendication 5 qui comprend la reaction du phosphonate avec un 
agent activant, puis la reaction avec i'amtne ou I'aicooi approprie; ou I'alkylation du phosphonate avec I'halogenure 
d'alkyle approprie. 

18. Utilisation d'un compose tel que defini dans Tune quelconque des revendications 1 a 13 pour preparer une compo- 
sition pharmaceutique pour le traitement d'une infection virale chez un mammifere. 

1 9. Utilisation d'un compose te! que defini dans Tune quelconque des revendications 1 a 1 3 pour preparer une compo- 
sition pharmaceutique pour inhiber la croissance d'une tumeur chez un marnmifere. 

20. Composition pharmaceutique qui comprend au moins un compose selon les revendications 1 a 13 associe avec 
un vecteur ou un excipient sensiblement non toxique pharmaceutiquement acceptable. 

Revendications pour I'Etat contractant suivant : ES 

1 . Procede de production d'un compose ayant la formule developpee I : 

0 

, ii 

R P — CH 2 — O— R— B 

I, 

R 

FORMULE I 



danslaquelle 

B represente I'adenine (A), la cytosine (C), la guanine (G); la thymine (T). I'uracile (U), la 2,6-diaminopurine 
(DAP), I'hypoxanthine (Hx). 




dans laqueJIe 

Q est independamment choisi parmi H, CI, NHR 5 , NHR^. NHC(0)R 5 . NfCfOJR 5 );,, OH ou NCHN(R 5 ) 2 ; 

R 1 et R 2 sort identiques ou differents et represented independamment OR 4 , NH 2 , NHR 5 ou N(R 5 ) 2 ; R 1 et R 2 
etant eventuellement lies Tun a I'autre pour former un groupe cyclique, ou R 1 ou R 2 etant eventuellemerrt lies 
a R 3 pour former un groupe cyclique; 

R 3 represents un groupe aikylene en C 1 a C20 qui peut etre non substitue ou substhue par des substituants 
independamment choisis parrrri !e groupe constitue du groupe hydroxy et du groupe halogene; ou R 3 repre- 
sente CH(CH 2 OR 6 )CH 2 , auquel cas R 1 et R 2 peuvent en outre representer independamment OH. et R 6 repce- 
sente un groupe ester hydroiysable; 

R 4 represente un groupe ester physiologiquement hydroiysable choisi parmi CH 2 C(0)NR 5 2 . CH 2 C(0)OR s , 
CH 2 OC(0)R 5 , CHCR^OCfOJR 5 {stereochimie R; S; ou RS), CH 2 C(R s ) 2 CH 2 OH, ou CH 2 OR s ; ou R 4 repre- 
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sente un groups alkyle, arylalkyle ou aryle en C 4 a C 20 qui peut etre non substitue ou substitue par des subs- 
tituants independarnment choisis parmi le groupe constitue du groups hydroxy et du groups halogens k 
condition que R 1 et R 2 ne represented pas simultanement le groupe alkoxy; 

R 5 represente un groups alkyle. aryle ou arylalkyle en Ci k C20 qui peut etre substitue ou non substitue par 
des substituants independarnment choisis parmi le groupe constitue du groupe hydroxy et du groupe 
halogsns; 

sels d'addrtion d'acide, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci; 
a condition que soient exclus les composes de ia fbrmule I ci-dessus dans lesquels : 

B represente Tad^nine, la xanthins, rhypoxanthins, la guanins, la 2-aminopurine. la 2,6-diaminopurine, la cyto- 
sine, la thymine, ou I'uraicile, 

R 3 reprsssnts 



-alkfC — alk. 

I 

alk 0 



ou alkj est lie a 8, alk 1( alk2 et alk 3 sont independarnment choisis parmi une liaison chimtque ou un groupe 
alkylene en Cj k C 4 . R a represente Thydrogene ou un groupe alkyle en & C 4 st Q 1 represente I'hydrogene 
ou un groupe hydroxyle, et R 1 et R 2 representent des groupes alkoxy en C 4 k C 6 , phenoxy ou phenyl-Jd k 
C 4 )-aIkoxy non substitues. 

lequel procede comprsnd la reaction du phosphonats avec un agent activant puis la reaction avec I'amins ou 
I'alcool appropris; ou I'alkylation du phosphonate avec I'halogenure d'alkyle appropri6; ou i'hydrolyse des di6- 
thers ou des diamines. 

Precede selon la revendication 1 pour produire un compose sslon la revsndication 1 qui a la formula developp6e 
gSneVale II : 




dans laquelle 

B. R 1 st R 2 sont tels qus dscrits dans la revendication 1, k condition que lorsque Q represente NCHN(R 5 ) 2 . 
alors R 5 ne represente pas CH 3 ; 

X represente I'hydrogene, CH 2 OR 6 (stereochimie R; S; ou RS), ou un groupe alkyle inferieur substitue ou non 
substitue. en particulier le groupe methyle ou hydroxymethyle; lorsque X represents CH 2 OR 6 , R 1 st R 2 peu- 
vent en outrs strs indspsndamment choisis parmi OH; et 

R 6 represente un groupe ester hydrolysable. 

Procede de production d'un compost ayant laformule d6velopp6e gsnsrals III : 
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0 




, ii 

R P 



1 



0 



R 



FORMULE III 



dans laquelle 

B, et R 1 sort tels que prec6demment decrrts dans la revendication 1 ; 

X represente I'hydrogene, CH2OR 6 (stereochimie R; S; ou RS) ou un groupe alkyle inferieur substitue ou non 
substitue\ en particulier le groupe methyle ou hydroxymethyle; lorsque X represente CH2OR 6 , R 1 peut en outre 
representer OH; et R 6 represente un groupe ester hydrolysable; 

R 7 represente OH. NH 2 , NHR 5 , ou NR 5 2 ; et 

R 5 est tel que decrit dans la revendication 1 ; 

sels d'addrtion d'actde, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci; 
a condition que soient excius les composes de la formula III ci-dessus dans laquelle : . 

B represente I'adenine, la xanthine, I'hypoxanthine, la guanine, la 2-aminopurine. la 2,6-diaminopurine, la cyto- 
sine, la thymine, ou I'uracile, 

X represente alka-Q 1 

ou alkg est choisi par mi une liaison chimique ou un groupe aikytene en C 1 a C 4 , Q 1 represente I'hydrogene ou 
le groupe hydroxyle, et R 1 et R 7 representent OH, un groupe alkoxy en C 4 a C 6 , phenoxy ou phenyl-^ a C 4 )- 
alkoxy non substitue. 

lequel procede comprend la reaction du phosphonate avec un agent activant, puis la reaction avec I'amine ou 
I'alcool approprie; ou Thydrolyse des di&hers ou des diamines. 

Procede de production d'un compose selon ta revendication 1 qui a la formule d^veloppee generate IV : 



dans laquelle 

R a et R 9 sort identiques ou differents et representent independamment NR 12 , ou I'oxygene; 

R 10 et R 11 sort identiques ou differents et representent independamment I'hydrogene, ou R 5 ; 

R 12 represente I'hydrogene ou un groupe alkyle inferieur; 

m et n sort identiques ou differents et representent independamment 0 ou 1 ; 

B et R 5 sort tels que decrrts dans la revendication 1 ; et 

X est tel que decrit dans la revendication 2; 




FORMULE IV 
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r * le quel procede comprend la reaction du phosphonate avec un agent activant, puis la reaction avec 

Tannine ou I'alcool approprie. 

5. Proced§ de production d'un compose qui a la formule developpee generate V : 

5 



B 

* stereochimie R; S; ou RS 



0 = P. 

LP 



R 13 FORMULE V 



dans laquelle 



R 13 represente OR 4 , NHR 5 , NR 5 2 , ou OH, a condition que R 13 ne represente pas OH lorsque B represente A 
ou C; et 

20 B, R 4 , et R 5 sont tels que decrits dans la revendication 1 ; 

sels d'addition d'acide, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci; 
lequel procede comprend la reaction du phosphonate avec un agent activant, puis la reaction avec 
I'amine ou I'alcool approprie; ou I'alkylation du phosphonate avec I'halogenure cTaJkyle approprie. 

25 6. Precede" seion la revendication 1 pour produire un compose selon la revendication 1 , dans lequel R 4 represente un 
groupe alkyle, aryle ou aryl-alkyie en C A a C20 qui peut Gtre non substitue ou substitue par des substituants inde- 
pendamment choisis parmi les groupes hydroxy et haiogene. 

7. Proc6de\ selon la revendication 1 pour produire un compost selon la revendication 1 dans lequel R 1 et R 2 repre- 
ss sentent OR 4 , et R 4 represente un groupe ester physiologiquement hydrolysable choisi parmi CH 2 OC(0)R 5 et 
- CHfR^OCfOJR 5 (stereochimie R; S; ou RS); ou le groupe aryle dans lequel ie groupe aryle est substitue par des 
substituants independamment choisis parmi les groupes hydroxy et haiogene. 
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8. Proc6d6 selon la revendication 1 pour produire un compose selon la revendication 1 qui est 

di-(ester propionyloxym6thylique) de PMEA; 
di-(ester isobutyryloxymethylique) de PMEA; 
40 bis-diethylamide de PMEA; 

di-(ester acetate de butyle) de PMEA; 
di-(ester acetate d'ethyle) de PM EA; 

45 

digester benzoylc*ym£thylique) de PMEA; 
dtoutylamide de PMEA; 
so digester 2-methylpropylique) de PMEA; ou 

digester 3-methylbutylique) de PMEA. 

9. Precede selon la revendication 1 pour produire un compose selon la revendication 1 qui est 
di-(ester pivaloytoxym6thylique) de PMEA. 
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10. Precede selon la revendication 3 pour produire un compose selon la revendication 3 qui est 
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mono-{ester pivaloyloxymethylique) de PMEA; 

mono-(ester octylique) de PMEA; 
mono-(ester hydroxy-2,2-dimethylpropylique) de PMEA; 
mono-(ester 2,2.2-trichloroethylique) de PMEA; ou 
mono-(ester 2,2<iifluoro-3-hydroxypropyiique) de PMEA. 

1 1 . Precede seton la revendication 4 pour produire un compose selon la revendicalion 4 qui est 

diester cyclopropanylique de PMEA; 
diester {2,2-dimethyl)cycJopropanylique de PMEA; 
diamide (2 1 2-dim6thy0cydopropanylique de PMEA 
diamide N.N'-dimelhyl-cyclopropanylique de PMEA. 

12. Precede selon la revendication 1 ou ta revendication 3 pour produire un compost qui est 

di-(ester isopropyiique) de PMEA; 
mono-(ester isopropyiique) de PMEHx; 

di-(ester isopropyiique) de 6-chloro-9-(2-phosphonylmethoxy)6thylpurine; 
di-(ester isopropyiique) de 9-(2-phosphonylm6thoxy)ethylpurine; 
mono-(ester isopropyiique) de PMEA; 

ester (mono-isopropylique, mono-pivaloyloxymethylique) de PMEA; ou 

ester (mono-isopropylique, mono-phenyiique) de PMEA; 

sels d'addition d'acide, seis de metal, et solvates pharmaceutiquement acceptabies de celui-< 

1 3. Precede selon la revendication 1 ou la revendication 3 pour produire un compose qui est 

digester phenylique) de PMEA; 
di-(ester p-nitroberuylique) de PMEA; 
di-(ester 2,2,2-trichloroethyiique) de PMEA; 
digester p-trif luoromethyibenzylique) de PMEA; 
mono-(ester cholinique) de PMEA; 

ester (mono-N,N<liethylacetamidique, mono-pyvaloyloxymethylique) de PMEA; 
mono-(ester 3-hydroxypropanylique) de PMEA; 
mono-(3-amino-2.2-dimethylpropylamide)) de PMEA; 
mono-(ester N,N-diethylac6tamidique) de PMEA; 
mono-(ester de I'acide acetique) de PMEA; 
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j mono-(estef N.N-diisopropylacetamidlque) de PMEA; 

mono-(ester p-nitrobenzylique) de PMEA; ou 

mono-(ester p-trif luoraTiethylbenzylique) de PMEA; 

mono-(ester phenylique) de PMEA; . 

sels d'addition d'acide, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci. 

14. Utilisation d'un compose tei que d6f ini dans Tune quelconque des revendications 1 a 13 pour preparer une compo- 
sition pharmaceutique pour te traitement d'une infection virale chez un mammif ere. 

1 5. Utilisation d'un compose tel que d6f ini dans Tune queiconque des revendications 1 a 1 3 pour preparer une compo- 
sition pharmaceutique pour inhiber la crotssance d'une tumeur chez un mammifere. 

16. Precede de preparation d'une composition pharmaceutique qui comprend le melange d'une proportion d'au moins 
un compose tel que d6f ini dans Tune queiconque des revendications 1 a 13 avec un vecteur ou un excipient sen- 
siblement non toxique pharmaceutiquement acceptable. 

Revendications pour I'Etat contractant suivant : GR 



B represents I'adenine (A), la cytosine (C), ia guanine (G), la thymine (T), I'uracile (U), la 2,6-diaminopurine 
(DAP), I'hypoxanthine (Hx). 



dans laquelle 

Q est ind^pendamment choisi parmi H, CI, NHR 5 , NHR 5 2 , NHC(0)R 5 . NJCfOJR^a. OH ou NCHN(R 5 ) 2 ; 

R 1 et R 2 sont identiques ou drfferents et representent independamment OR 4 . NH 2 , NHR 5 ou N(R 5 ) 2 ; R 1 et R 2 
etant eventuellement lies I'un a I'autre pour former un groupe cyclique, ou R 1 ou R 2 6tant Eventuellement Ii6s 
a R 3 pour former un groupe cyclique; 

R 3 represent e un groupe alkylene en a C^ qui peut §tre non substitue ou substitue par des substituants - 
independamment choisis parmi le groupe constitue du groupe hydroxy et du groupe haiogene; ou R 3 repre- 
sente CH(CH 2 OR 6 )CH 2 . auque! cas R 1 et R 2 peuvent en outre representer independamment OH, et R 6 repre- 
sente un groupe ester hydrolysabJe; 



1 . Compose ayant la formula d£veloppee I : 




I 



dans laquelle 
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R 4 represents un groupe ester physiologiquement hydrolysable choisi parmi CH 2 C(0)NR 5 2 . CH 2 C(0)OR 5 . 
CH20C(0)R 5 ( ChKR^OCfOJR 5 (stereochimie R; S; ou RS). CH 2 C(R 5 ) 2 CH 2 OH, ou CH 2 OR 5 ; ou R 4 repr6- 
sente un groupe aikyle. arylaJkyle ou aryle en C 4 a C20 qui peut etre non substitu6 ou substitue par des subs- 
tituants ind6pendamment choisis parmi le groupe constitue du groupe hydroxy et du groupe halogfcne a 
condition que R 1 et R 2 ne representent pas simultanement le groupe alkoxy; 

R 5 represente un groupe aikyle, aryle ou arylalkyle en C, a qui peut Stre substitue ou non substitue par 
des substituants ind6pendamment choisis parmi le groupe constitue du groupe hydroxy et du groupe 
haiogene; 

sels d'addrtion d'acide, sels de metal, et solvates pharmaceutiquemerrt acceptables de celui-ct; 
a condition que soient excius les composes de la formule I ci-dessus dans iesquels : 

B represent e I'adenine, la xanthine, rhypoxanthine, la guanine, la 2-aminopurine, la 2,6-diaminopurine, la cyto- 
sine, la thymine, ou Turacile, 

R a 
I 

-alkrC — alk. 




R 3 represente 

ou alk, est lie a B, alk 1p aJk2 et alk 3 sont ind£pendamment choisis parmi une liaison chimique ou un groupe 
aikyiene en C, a C 4 , R a represente I'hydrogene ou un groupe aikyle en C, a C 4 et Q 1 represente i'hydrogene 
ou un groupe hydroxyle, et R 1 et R 2 representent des groupes alkoxy en C 4 a C 6 , phenoxy ou phenyl-^, a 
C 4 )-aIkoxy non substitues. 

Compose selon ia revendication 1 qui a la formula developpee general e II : 




X FORMULE II 



dans laquelle 

B, R 1 et R 2 sont tels que decrits dans la revendication 1, a condition que lorsque Q represents NCHN(R 5 ) 2 , 
alors R 5 ne represents pas CH 3 ; 

X represente I'hydrogene, CH 2 OR 6 (st6r6ochimie R; S; ou RS), ou un groupe aikyle interieur substitue ou non 
substitue. en particulier le groupe methyle ou hydroxymethyle; lorsque X represente CH 2 OR 6 , R 1 et R 2 peu- 
vent en outre Stre indgpendamment choisis parmi OH; et 

R 6 reprgsente un groupe ester hydrolysable. 

Compose ayant la formule developpee generate III : 
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O B 



R -|\/ 0 

R 1 




FORMULE III 



dans laquelle 

B, et R 1 sont teis que precedemmerrt decrits dans la revendication 1 ; 

X represente I'hydrogene, CH2OR 6 (stereochimie R; S; ou RS) ou un groupe alkyle inferieur substitue ou non 
substitue, en particulier le groupe methyle ou hydroxymethyle; torsque X represente CH 2 OR 6 , R 1 peut en outre 
representor OH; et R 6 represente un groupe ester hydrolysable; 

R 7 represente OH. NH 2 . NHR 5 , ou NR 5 2 ; et 

R 5 est tei que decrrt dans la revendication 1 ; 

seis d'addition d'acide, sets de metal, et solvates pharmaceutiquement acceptabies de celui-ci; 
a condition que soient exclus les composes de la formula III ci-dessus dans laquelle : 

B represente I'adenine, la xanthine, rhypoxanthine, la guanine, la 2-aminopurine. la2,6-diaminopurine, la cyto- 
sine, !a thymine, ou Curacile, 

X represente alk 2 -Q 1 

ou at kg est choisi parmi une liaison chimique ou un groupe alkylene en C 1 a C 4 , Q 1 represente I'hydrogene ou 
le groupe hydroxyie, et R 1 et R 7 representent OH. un groupe alkoxy en C 4 a C 6 . phenoxy ou phenyHd a C 4 )- 
alkoxy non substitue. 

Compose selon la revendication 1 qui a la for mule developpee generate IV : 

9. B 

.0. 




^(Oyra A FORMULE IV 



dans laquelle 

R 8 et R 9 sort identiques ou differents et representent independammert NR 12 . ou Toxygene; 

R t0 et R 11 sont identiques ou differents et representent independamment Thydrogene, ou R 5 ; 

R 12 represente I'hydrogene ou un groupe alkyle inferieur; 

m et n sont identiques ou differents et representent independamment 0 ou 1 ; 

B et R 5 sont tels que decrits dans la revendication 1; et 

X est tel que decrit dans la revendication 2. 
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5. Compost qui a la formule developpee g6ne>ale V : 

B 

| * st6r6ochimie R; S; ou RS 

rV 

R 13 FORMULE V 

dans laquelle 

R 13 reprSsente OR 4 . NHR 5 , NR 5 2 , ou OH, a condition que R 13 ne repr6sente pas OH lorsque B represente A 
ou C; et 

B, R 4 , et R 5 sort tels que decrits dans la revendication 1 ; 

sels d'addition d'acide, sels de metal, et solvates pharmaceutiquenrient acceptables de celui-ci. 

6. Compose selon la revendication 1, dans lequel R 4 represents un groupe alkyle, aryle ou aryl-alkyle en C 4 k C^q 
qui peut etre non substitue ou substitue par des substituants independamment choisis parmi les groupes hydroxy 
ethalogene. 

7. Compose" selon la revendication 1 dans lequel R 1 et R 2 representent OR 4 , et R 4 repr6sente un groupe ester phy- 
siologiquement hydrolysable choisi parmi CH20C(0)R 5 et CHfR^OCfOJR 5 (st6reochimie R; S; ou RS); ou le 
groupe aryle dans lequel le groupe aryle est substitue par des substituants independamment choisis parmi les 
groupes hydroxy et halogene. A 

8. Compose selon la revendication 1 qui est 

di-(ester propionyloxym6thylique) de PMEA; 
di-(ester isobutyryloxym^thylique) de PMEA; 
bis diethyl amide de PMEA; 
digester acetate de butyle) de PMEA; 
di-(ester ac6tate d'ethyle) de PMEA; 
di-(ester benzoyloxym6thylique) de PMEA; 
dibutylamide de PMEA; 
di-(ester 2-m6thylpropylique) de PMEA; ou 
digester 3-methylbutylique) de PMEA. 

9. Compose" selon la revendication 1 qui est 

di-(ester pivaloyloxym6thylique) de PMEA. 

1 0. Compost selon la revendication 3 qui est 

mono-(ester pivaloylaxym&hylique) de PMEA; 
mono-(ester octylique) de PMEA; 
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^ mono-(ester hydroxy-2,2-dm6thylpropylique) de PMEA; 
mono-(ester 2,2,2-trichloro&hyiique) de PMEA; ou 
mono-(ester 2.2<Wluoro-3-hydroxypropylique) de PMEA. 

1 1 . Compost selon la revendication 4 qui est 

diester cyclopropanylique de PMEA; 
diester (2,2-dimethy()cyc!opropanylique de PMEA; , 
diamide (2 t 2-dim6thyl)cyclopropanylique de PMEA 
diamide N.N'-dim^thyl-cyclopropanyiique de PMEA. 

12. Compose qui est 

digester isopropylique) de PMEA; 
mono-(ester isopropylique) de PMEHx; 

digester isopropylique) de 6<hloro-9-(2-prK)sphonyimethoxy)ethylpurine; 
digester isopropylique) de 9K2-phosphonyIm6thoxy)ethytpurine; . 
mono-{ ester isopropylique) de PMEA; 

ester (mono-isopropyiique, mono-pivaloyloxymethylique) de PMEA; ou 

ester (mono-isopropylique, mono-phenytique) de PMEA; 

sets d'addHion d'acide. sels de m6tal. et solvates pharmaceutiquement acceptables de celui-ci. 

13..Compos6quiest 

di-(ester phenylique) de PMEA; 

digester p-nitrobenzylique) de PMEA; 

digester 2,2,2-trichloroethylique) de PMEA; 

di-(ester p-trifluorom6thylbenzy1ique) de PMEA; 

mono-(estef cholinique) de PMEA; 

ester (nfrano-N.N^ie^lacetamidique, mono-pyvaloyloxym6thylique) de PMEA; 
mono-( ester 3-hydroxypropanylique) de PMEA; 
mono^3-amino-2,2KJimethylpropylamide)) de PMEA; 
mono-(ester N,N-diethylacetamidique) de PMEA; 
mono-{ester de I'acide acetique) de PMEA; 
. mono-(ester N,N-diisopropylacetamidique) de PMEA; 
mono-(ester p-nitrobenzylique) de PMEA; ou 
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mono-(ester p-trif luorom&hylbenzylique) de PMEA; 



mono-(ester phSnylique) de PMEA; 

sels ©"addition d'acide, sels de metal, et solvates pharmaceutiquement acceptables de celui-ci. 

5 

14. Proc6de de production du compose selon la revendication 1 , 2, 12 ou 13 qui comprend la reaction du phosphonate 
avec un agent activant. puis la reaction avec ('amine ou I'alcool approprie; ou I'alkylation du phosphonate avec 
I'halogenure d'aikyle approprie; ou I'hydrolyse des dtethers ou des diamines. 

10 15. Procecte de production du compose selon la revendication 3, 12 ou 13 qui comprend la reaction du phosphonate 
avec un agent activant, puis la reaction avec I'amine ou I'alcool approprie; ou I'hydrolyse des di6thers ou des dia- 
mines. 

16. Procecte de production du compose selon la revendication 4 qui comprend la reaction du phosphonate avec. un 
is agent activant, puis la reaction avec famine ou I'alcool approprie. 

1 7. Precede de production du compose seion la revendication 5 qui comprend la reaction du phosphonate avec un 
agent activant, puis la reaction avec I'amine ou I'aicool approprie; ou I'aikylation du phosphonate avec I'halogenure 
d'aikyle approprie. 

20 

18. Utilisation d'un compose tel que defini dans Tune quelconque des revendications 1 a 1 3 pour preparer une compo- 
sition pharmaceutique pour le trartement d'une infection virale chez un mammif ere, 

19. Utilisation d'un compose tel que defini dans Tune quelconque des revendications 1 a 13 pour preparer une compo- 
2$ sition pharmaceutique pour inhiber la croissance d'une tumeur chez un mammifere. 

20. Precede de preparation d'une composition pharmaceutique qui comprend le melange d'une proportion d'au moins 
un compose tel que defini dans i'une quelconque des revendications 1 a 13 avec un vecteur ou un excipient sen- 
siblement non toxique pharmaceutiquement acceptable. 

30 
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